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I .  I n t r o d u c t i o n: The Se s q u i t e r p enes
The e s s e n t i a l  o i l s  have been  found t o  c o n t a i n ,  i n  
a d d i t i o n  t o  t h e  o r d in a r y  t e r p e n e s  C]_oHl6> h y d ro ca rb on s  
hav in g  t h e  same p e r c e n t a g e  c o m p o s i t io n  but  o f  m o le c u la r  
w e ig h t  204. They have t h u s  t h e  fo rm ula  C-j^TLj^ and have 
been  term ed S e s q u i t e r p e n e s .  As i n  t h e  c a s e  o f  t h e  
t e r p e n e s ,  h y d ro ca rbo n s  a r e  n o t  t h e  only  b o d ie s  c o n t a i n i n g  
f i f t e e n  c a rb o n  atoms which  a r e  found i n  e s s e n t i a l  o i l s ;  
s e s q u i t e r p e n e  a l c o h o l s  C15H24O and G15H26O have been 
found a s  w e l l  a s  o t h e r  oxy-compounds.
The s e s q u i t e r p e n e  c o n te n t  o f  t h e  e s s e n t i a l  o i l  i s  
i n  t h e  f i r s t  p l a c e ,  s e p a r a t e d  by d i s t i l l a t i o n , t h e  b o i l i n g  
p o i n t  b e in g  some 100°G. h i g h e r  t h a n  t h a t  o f  t h e  t e r p e n e  
f r a c t i o n .
The c ru d e  s e s q u i t e r p e n e  may c o n t a i n  s e v e r a l  d i s t i n c t  
s e s q u i t e r p e n e s  whose b o i l i n g  p o i n t s  l i e  so c l o s e  t o g e t h e r  
t h a t  i t  may be im p o s s ib l e  t o  s e p a r a t e  them by d i s t i l l a t i o n .  
For t h i s  r e a s o n  t h e  e a r l i e r  i n v e s t i g a t o r s  a t t e m p te d  t o  
i s o l a t e  and c h a r a c t e r i s e  them by t h e  fo rm a t io n  o f  c r y s t a l l i n e  
d e r i v a t i v e s  such  a s  h y d r o c h l o r i d e s ,  n i t r o s i t e s  and n i t r o s o c h -  
l o r i d e s .
L a t e r  work h a s  shown t h a t  t h i s  method i s  no t  a lways 
dependab le  a s  two h y d ro ca rb o ns  may y i e l d  t h e  same d e r i v a t i v e .  
For  example,  i t  h a s  been  found t h a t  Cadiene  (I-)- and Copaene
r
( I I )  on t r e a t m e n t  w i t h  h y d r o c h l o r i c  a c i d ,  g iv e #  t h e  same 
d i h y d r o c h l o r i d e ;
CH, chI .  CflblNENE. ]J_ CoPASNE
I n /
*I n  such, c a s e s  a s  c r y s t a l l i n e  d e r i v a t i v e s  were o b t a in e d ,  
t h e  nex t  s t e p  was, o b v i o u s l y ,  t o  r e g e n e r a t e  t h e  hydro­
carbo n ,  but  h e r e  a g a i n  d i f f i c u l t i e s  abounded, f o r  i t  was 
found t h a t  i n  c e r t a i n  c a s e s  a  d i f f e r e n t  s e s q u i t e r p e n e  was 
o b t a i n e d  on r e g e n e r a t i o n .  I n  a  compound c o n t a i n i n g  15 
c a rb o n  atoms t h e  o p p o r t u n i t i e s  f o r  i n t r a m o l e c u l a r  changes  
a re  v e ry  g r e a t ,  t h e  a d d i t i o n  and subsequent  removal o f ,  
s ay ,  t h e  e le m e n ts  o f  h y d r o c h l o r i c  a c i d ,  i n t r o d u c i n g  
p o s s i b i l i t y  o f  w ander ing  o f  doub le  bonds,  o f  f i s s i o n  o f  
r i n g s ,  o r  o f  fo r m a t io n  o f  new r i n g s .  The f o l lo w in g  
scheme i l l u s t r a t e s  t h i s  i n  t h e  c a s e  o f  C a d i n e n ^ ,c o n s i d e r i n g  
only one o f  t h e  double  bonds.  For t h e  sake o f  c l e a r n e s s ,  
t h e  c a r b o n  s k e l e t o n s  a r e  g i v e n  i n  p r e f e r e n c e  t o  t h e  f u l l  
fo rm ulae .
/ V
Thus t h e  o i l  r e g e n e r a t e d  from an a d d i t i v e  compound 
i s  a lm ost  c e r t a i n  t o  be a m ix tu re  o f  i som ers .
U n t i l  r e c e n t l y ,  owing t o  t h e  l a c k  o f  a c c u r a t e  know­
ledge  o f  t h e i r  s t r u c t u r e s ,  s e s q u i t e r p e n e s  were c l a s s i f i e d  
m ain ly  by p h y s i c a l  p r o p e r t i e s .  T h i s  c l a s s i f i c a t i o n ,  
su g g e s te d  by S c h r e i n e r  and Eremers  was based  on t h e  f a c t  
t h a t  e i g h t  hydrogen atoms can  be removed from t h e  s a t u r a t e d  
a l i p h a t i c /
a l i p h a t i c  h yd ro ca rb on  C15H32 i n  t h e  f o l l o w in g  ways
(a)  The removal  o f  8 hydrogen atoms by t h e  
p r o d u c t i o n  o f  4 double  bonds g i v e s  a 
s t r u c t u r e  su ch  as  I .
S a t u r a t e d  I .  A l i p h a t i o  .
(b) The c l o s i n g  o f  one r i n g  | n  I  c a u s e s  t h e  
d i s a p p e a r a n c e  o f  one double  bond g i v i n g  
a  s t r u c t u r e  o f  t y p e  I I .
I I .  M o no c y c l ic .
J o )  T h i s ,  by f o r m a t io n  o f  a  second r i n g  c an  
y i e l d  t h e  t y p e  I I I .
I I I .  D l c y c l i c •
(d) The f o r m a t io n  o f  a  b r id g e d  r i n g  p roduces  
a  t r i c y c l i c  s t r u c t u r e  such a s  IV.
IV. T r i c y c l i c .
(e)  A f i f t h  t y p e  V i s  t h e o r e t i c a l l y  p o s s i b l e :  
a s a t u r a t e d  t e t r a c y c l i c  hydrocarbon  con­
t a i n i n g  two b r id g e d  r i n g s
V. T e t r a c y c l i c .
The fo rm ulae  shown above do n o t  i n d i c a t e  d e f i n i t e  
s t r u c t u r e s :  th e y  a re  in te n d e d  t o  i l l u s t r a t e  t h e  r e l a t i o n ­
s h i p  be tw een  t h e  number o f  r i n g s  and t h e  d e g ree  o f  
u n s a t u r a t i c n .
The f o l l o w in g  t a b l e  shows t h e  p h y s i c a l  c o n s t a n t s  o f  
t y p i c a l  h y d ro c a rb o n s  b e lo n g in g  t o  t h e s e  c l a s s e s .
S t r u c t u r e  H o .o f  Double D e n s i ty  M o lecu la r  R e f r a c t i v i t y  
  Bonds.    . Found C a lc .
1 . A l i p h a t i c 4 .864 7 1 . 43 69-57
2 . Monocycl ic 3 • 873 - .891 67-35 -  67 .87 67 .86
^ • D i e y c l i c 2 .898  - .918 65-82 -  66 .95 66 .15
4 » T r i c y c l i c 1 .93 - • 939 64-02 -  64 .77 64 .45
5 . T e t r a c y c l i c 0 No Members known
Formerly t h i s  p h y s i c a l  c l a s s i f i c a t i o n  was s u p p o r t e d  by 
a b s o r p t i v e  c a p a c i t y  f o r  bromine o r  h y d r o c h l o r i c  a c i d ,  b u t ,  
as  has  been  m en t io n ed ,  t h i s  t r e a t m e n t  i s  l i k e l y  t o  cause  
m o le c u la r  r e a r r a n g e m e n t s .  The method now i n  use  i s  t o  
e s t im a t e  t h e  amount o f  hydrogen which i s  added on in  
p re s e n c e  o f  a p l a t i n u m  o r  p a l l a d iu m  c a t a l y s t .  T h i s  c o n v e r t s  
t h e  s e s q u i t e r p e n e  i n t o  t h e  c o r r e s p o n d in g  s a t u r a t e d  hydro­
c a rb o n ,  t h u s :
Double P ro d uc t  o f  
G la s s  Bonds. H y d rog en a t io n .
1 4 C15H32
2. 3 ° 15H30
3 2 °15h 28
4 1 c15h 26
Beyond t h i s  t h e r e  was no c o n s t i t u t i o n a l  knowledge,  and 
up t o  1921 t h e  c h e m is t r y  o f  t h e  s e s q u i t e r p e n e s  was comparable  
w i t h  t h a t  o f  t h e  su g a r s  b e fo r e  th e  work o f  F i s c h e r .  T h is  
was due t o  t h e  f a c t  t h a t  t h e  methods,  i n  p a r t i c u l a r  o x i d a t i o n ,  
s o /
so s u c c e s s f u l ,  i n  t h e  t e r p e n e .  s e r i e s ,  were a p p a r e n t l y  o f
l i t t l e  v a lu e  when a p p l i e d  t o  t h e  s e s q u i t e r p e n e s .
( 2 )
As e a r l y  a s  1887 . W a l lach  su g g e s te d  t h a t  s e s q u i t e r p e n e s  
might  be p a r t i a l l y  h y d ro g e n a te d  n a p h th a le n e  d e r i v a t i v e s ;  
Semmler a l s o  h e ld  t h i s  v iew  th o u g h  w i th o u t  e x p e r im e n ta l  
e v id en ce  o f  any k i n d .  T h i s  e v id e n ce  has  now been s u p p l i e d  
by R u z ic k a  who by d e h y d ro g e n a t io n  w i th  s u lp h u r  a t  l 80- 250uC 
succeeded  i n  o b t a i n i n g  n a p h th a le n e  d e r i v a t i v e s  from a  number 
o f  s e s q u i t e r p e n e s .  So f a r  t h e  d e r i v a t i v e s  so o b t a i n e d  have 
been e i t h e r  Cadalene  ( I )  o r  Eudalene  ( I I ) .
Chj
1 II I CH, I « L
CH3CH5
I I
These c o n s t i t u t i o n s  have been  proved  by d e g r a d a t i o n  
and by s y n t h e s i s .
According  t o  R u z ick a ,  t h e s e  d e r i v a t i v e s  a re  produced  
from s e s q u i t e r p e n e s  t h u s :
o15h 24 ♦ 33 = O ^ - Q S g S
C15H24 + 3S = C14H16 + 2H2S * GH3SH 
Eudalene
I n  a  few c a s e s  t h e  p r o d u c t s  o f  d e h y d ro g e n a t io n  have been 
i n d e f i n i t e ,  due t o  com ple te  d i s r u p t i o n  o f  th e  m o le cu le .  The 
p r e s e n t  t h e s i s  d e a l s  w i t h  two such  s e s q u i t e r p e n e s ,  c ed re n e  
and e a r y o p h y l l e n e ,  n e i t h e r  o f  which y i e l d s  any d e f i n i t e  
d e h y d ro g e n a t io n  p r o d u c t ,  and c o n se q u e n t ly  we have l i t t l e  
c e r t a i n  knowledge o f  t h e i r  s t r u c t u r e s .
The fo rm ula  o f  t h e  a l i p h a t i c  s e s q u i t e r p e n e ,  f a r n e s e n e ,  
t h e  only  s e s q u i t e r p e n e  whose s t r u c t u r e  has  been  e l u c i d a t e d  
by t h e  methods used f o r  t h e  t e r p e n e s ,  has  been shown by 
R u z ick a /
b.
R uzicka  t o  be d i v i s i b l e  i n t o  t h r e e  i s o p r e n e  n u c l e i
ci C ! ci > i
C — c  — c - c - ^ c - c  — c  —cc—c —c - c -
As a l l  t h e  o r d i n a r y  t e r p e n e s  a re  d i v i s i b l e  i n t o  two 
i s o p r e n e  n u c l e i  (GgHg), Ruz icka  made t h e  b o ld  s u g g e s t i o n  
t h a t  s e s q u i t e r p e n e  s t r u c t u r e s  co u ld  be c o n s i d e r e d  a s  b u i l t  
up from t h r e e  such g ro u p s ,  and t o  t h i s  no e x c e p t i o n  has  
been  found.
T h is  s t a t e m e n t  i s  g e n e r a l l y  i n t e r p r e t e d  in  i t s  s t r i c t e r  
s e n s e ,  and s e s q u i t e r p e n e  s k e l e t o n s  a r e  c o n s id e r e d  t o  be 
d e r iv e d  from t h e  f a r n e s e n e  s t r u c t u r e  by e y c l i s a t i o n ,  j u s t  
as  t h e  t e r p e n e s  a r e  d e r i v e d  by e y c l i s a t i o n  o f  g e r a n i o l ,  
t h u s : -
2 3 4- S <. T 8
teR/irnoL SneLeroN
L l^ O N B N E  $U.£L£.T<M.
The f a r n e s e n e  s k e l e t o n  by e y c l i s a t i o n  c a n  y i e l d  t h e  
f o l lo w in g  t y p e s  o f  n a p h th a le n e  n u c le u s :
f  f  \o——t o 0 o o a O .O o
B
S' fc 1 *
P f ) a N 6 S £ N £  S K £ L £ T Q N
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10 ii
S
c
A C.
S e s q u i t e r p e n e s  h a v in g  s k e l e t o n  A y i e l d  c a d a le n e  on 
d e h y d ro g e n a t ib n ,  w hi le  ty p e  B y i e l d s  eu d a len e  -  a  methyl  
group (common t o  b o th  r i n g s )  b e in g  l o s t  i n  t h e  p r o c e s s .  
No/
No member o f  c l a s s  C, which, sh ou ld  l o s e  t h r e e  c a r b o n  
atoms on d e h y d ro g e n a t io n ,  t o  g ive  a d im e th y l  n a p h th a le n e  
has  a s  y e t  been  i d e n t i f i e d .
The g e n e r a l  s t r u c t u r e  o f  s e s q u i t e r p e n e s  h a v in g  been  
t h u s  e s t a b l i s h e d ,  i t  i s  now n e c e s s a r y  t o  t u r n  t o  o x i d a t i o n  
methods t o  f i x  t h e  p o s i t i o n s  of  t h e  double  bonds.  The 
s u c c e s s  o f  o x i d a t i o n  i n  t h e  t e r p e n e  s e r i e s  l a y  i n  t h e  f a c t  
t h a t  when 3 or  4 c a rb o n  atoms had been  removed, t h e  r e s id u e  
( c o n t a i n i n g  7 o r  6 c a rb o n  atoms) was e i t h e r  s y n t h e s i s e d  or  
i d e n t i f i e d  w i th  some s u b s ta n c e  o f  known s t r u c t u r e .  S i m i l a r  
d e g r a d a t i o n  o f  a  s e s q u i t e r p e n e ,  however, l e a v e s  us w i th  a 
Cl2 o r  C]_i compound, which i s  n o t  so e a s i l y  i d e n t i f i e d .  
G e n e ra l ly  where a  w e l l - d e f i n e d  o x i d a t i o n  p ro d u c t  i s  o b t a in e d  
c o n s i d e r a b l e  work i s  n e c e s s a r y  t o  e s t a b l i s h  i t s  c o n s t i t u t i o n  
and ve ry  o f t e n  t h e  amount o f  t h e  p ro d u c t  a t  t h e  d i s p o s a l  o f  
t h e  w orke r  does  n o t  p e rm i t  t h i s .  As an i n s t a n c e  i t  may be 
m ent ioned t h a t  i n  t h e  p r e s e n t  work a t t e m p t s  were made t o  
o x i d i s e  b i s a l o l e n e  w i th  hydrogen p e ro x id e .  A w e l l - d e f i n e d
c r y s t a l l i n e  a c i d  C i 2**l5®2 was a s  was
d i f f e r e n t  from any known a c id  o f  t h i s  e m p i r i c a l  fo rm ula ,  
and a s  t h e  supply  o f  t h e  o r i g i n a l  s e s q u i t e r p e n e  was l i m i t e d ,  
e l u c i d a t i o n  o f  t h e  s t r u c t u r e  o f  t h i s  ac id  by sy s te m a t i c  
means had t o  be abandoned.
N e v e r t h e l e s s ,  o x i d a t i o n s  must be employed t o  con f i rm  
t h e  s t r u c t u r e s  g iv e n  by d e h y d ro g e n a t io n  s i n c e  i t  must be 
a d m i t te d  t h a t  R u z ic k a fs method i s  r a t h e r  v i o l e n t  when we a re  
d e a l i n g  w i th  s t r u c t u r e s  which a re  so e a s i l y  r e a r r a n g e d .
No l e s s  im p o r tan t  i s  t h e  w r k  which i s  n e c e s s a r y  t o  
e s t a b l i s h  t h e  r e l a t i o n s h i p s  o f  v a r i o u s  d e r i v a t i v e s  t o  t h e  
p a r e n t  s e s q u i t e r p e n e s .  The e x am in a t io n  o f  t h e  s t r u c t u r a l  
changes  in v o lv e d  i n  t h e  c o n v e r s i o n  o f  one s e s q u i t e r p e n e  
i n t o  a n o th e r  i s  o f  e q u a l  im por tance .
I I .  The R e l a t i o n s h i p s  o f  Some D e r i v a t i v e s  o f  
C a ry o p h y l len e  and Clovene.
(a) H i s t o r i c a l  and T h e o r e t i c a l .
C a ry o p h y l len e  was t h e  name g i v e n  by W al lach  i n  1892 
t o  t h e  s e s q u i t e r p e n e  c o n t e n t  o f  O i l  o f  G lov es .  The same 
h y d roca rb o n  h a s  s i n c e  been  found i n  many o t h e r  o i l s  such 
a s  Copa iba  Balsam O i l  and Ceylon  Cinnamon O i l .  Prom 
c o n s i d e r a t i o n  o f  i t s  p h y s i c a l  p r o p e r t i e s ,  i t  ap pea re d  t h a t  
c a r y o p h y l l e n e  p o s s e s s e d  a  d i e y c l i c  s t r u c t u r e .
(4 )
The work o f  Deussen s in c e  1907 has shown t h a t  c a ry ­
o p h y l le n e  p ro b ab ly  c o n s i s t s  o f  t h r e e  h y d ro ca rb o n s ,  |3- and^-- 
c a r y o p h y l l e n e . The f i r s t  o f  t h e s e  y i e l d s  d e r i v a t i v e s
( 5)
which a r e  o p t i c a l l y  i n a c t i v e .  Deussen,  however , c la im ed  
t h a t  he was a b le  t o  s e p a r a t e  t h e s e  t h r e e  c a r y o p h y l l e n e s  by 
d i s t i l l a t i o n ,  b u t ,  w h i le  n a t u r a l  c a r y o p h y l l e n e  i s  a lmost  
c e r t a i n l y  a  m ix t u r e ,  r e f e r e n c e  t o  t h e  t a b l e s  in  t h e  
e x p e r im e n ta l  s e c t i o n  (p*&.) w i l l  show t h a t  t h i s  c l a im  i s  
based  on very  s l e n d e r  e v id e n c e ,  t h e  b o i l i n g  p o i n t s  o f  t h e  
f r a c t i o n s  n o t  b e in g  g iv e n  a t  t h e  same p r e s s u r e .
Although many i n v e s t i g a t o r s  have i n t e r e s t e d  them se lv e s  
i n  c a r y o p h y l l e n e ,  i t s  s t r u c t u r e  remains d o u b t f u l ,  as  i t  i s  
one o f  th e  few s e s q u i t e r p e n e s  which do n o t  g iv e  a  n a p h th a le n e
d e r i v a t i v e  on d e h y d ro g e n a t io n .
(6 )
In  1926 , Busse p roposed  form ulae  I  and I I  f o r  p. and j-- 
c a r y o p h y l l e n e  r e s p e c t i v e l y :
R ecen t ly  Deussen on r e c o n s i d e r a t i o n  o f  th e  o z o n i s a t i o n  
p r o d u c t s  o f  c a r y o p h y l l e n e  su g g e s te d  t h e  f o l lo w in g ,  I I I ,  f o r  
t h e  y'- form:
n r
While t h e s e  fo rm ulae  a r e  d i v i s i b l e  i n t o  t h r e e  i s o p r e n e  
n u c l e i ,  they  c an n o t  be formed from t h e  f a r n e s e n e  s k e l e t o n ,  
which i s  a  s e r i o u s  o b j e c t i o n  t o  t h e i r  a d o p t io n .
The e v id e n c e  f o r  t h e  p r e s e n c e  o f  t h e  four-membered
( 8)
r i n g  hangs on t h e  p r o d u c t i o n  o f  an a c i d  C9H14O4., b e l i e v e d  
t o  have t h e  c o n s t i t u t i o n :
CH,
^C-tOOH 
V 1!  , L C «J
" tH3
COOH
As t h i s  a c i d  has  n e v e r  been  s y n t h e s i s e d  o r  o b ta in e d  
c r y s t a l l i n e ,  one does n o t  f e e l  j u s t i f i e d  a t  p r e s e n t  i n  
u s in g  any more d e f i n i t e  e x p r e s s i o n s  t h a n  IV, V and VT f o r  
t h e  c a r y o p h y l l e n e  s t r u c t u r e s .
r  cm r  l ' c n x C H i
IV. V.
[< •. > . ]
v /  CH-j.
CH v CMi
I I
^  / / CX
CHX CH:
•vr
(9 )
W al lach  and Walker  showed t h a t  c a r y o p h y l l e n e  forms a 
c r y s t a l l i n e  h y d ra te  C15H25OH on h y d r a t i o n  w i t h  a  m ix tu re  
o f  s u l p h u r i c  and a c e t i c  a c i d s .  Moreover ,  th ey  found t h a t  
t h i s  f ty d ra te ,  known a s  c a r y o p h y l le n e  a l c o h o l ,  when dehy d ra ted  
by h e a t in g  w i th  ph o sp h o r ic  a n h y d r id e ,  d id  not  y i e l d  o a r y -  
o p h y l le n e  but  an i so m er ic  h ydroca rbon ,  c lo v e n e ,  which was 
a p p a r e n t ly  o f  t r i c y c l i c  s t r u c t u r e .
C a ryophy l lene  a l c o h o l  has  been  shown by Henderson,
Robert  so n /
(10)
R o b e r ts o n  and K e r r  t o  be a  rem arkab ly  s t a b l e  compound.
I t  i s  n o t  a f f e c t e d  by p ro lo n ged  t r e a t m e n t  w i th  hydrogen 
p e ro x id e  o r  p o ta s s iu m  pe rm angana te .  An i n v e s t i g a t i o n  
by t h e  same w o r k e r s ,  o f  t h e  r e f r a c t i v i t i e s  o f  t h e  fo rm ic  
and a c e t i c  e s t e r s  i n d i c a t e d  t h a t  t h e  a l c o h o l  p o s s e s s e d  
a  t r i c y c l i c  s t r u c t u r e .  T h i s  was con f i rm ed  by t h e  f a c t  
t h a t  t h e  a l c o h o l  was formed from c a r y o p h y l l e n e  by t h e  a c t i o n  
o f  fo rm ic  a c i d  which i s  a  r e c o g n i s e d  means o f  i n d u c in g  
r i n g - c l o s u r e . I t  i s  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  c a r y ­
o p h y l le n e  a l c o h o l  on d e h y d r a t io n  y i e l d s  a  t r i c y c l i c  
s e s q u i t e r p e n e .  Formulae V and VI (p * 4?-) oou ld  r e a d i l y  
a l lo w  such r i n g  c l o s u r e  t o  t a k e  p l a c e .
R e ce n t ly  i t  has  been  found by Henderson, MeCrone and
Ro b e r tson  t h a t  when c a r y o p h y l l e n e  a l c o h o l  i s  c a r e f u l l y  
d eh y d ra ted  a t  a  low t e m p e r a t u r e  w i t h  phosp h o r ic  a n h y d r id e  
t h e  p ro d u c t  c o n s i s t s  o f  two f r a c t i o n s ,  c lov en e  and i s o -  
o lo v e n e .  The l a t t e r  h a s  been  c h a r a c t e r i s e d  by t h e  
p r o d u c t i o n  o f  a  c r y s t a l l i n e  m onohydroehlor ide  C15H25CI.
I n  i n v e s t i g a t i o n s  o f  t h e  h y d r a t i o n  o f  c a ry o p h y l le n e ,
Asah ina  and Tsukamoto deve loped  an improved method f o r  
t h e  p r e p a r a t i o n  o f  c a r y o p h y l le n e  a l c o h o l .  I n  a d d i t i o n ,  
th e y  showed t h a t  by t r e a t i n g  c a r y o p h y l le n e  w i t h  a  m ix tu re  
o f  s u l p h u r i c  a c i d  monohydrate  and e t h e r ,  i t  was p o s s i b l e  
t o  o b t a i n  two c r y s t a l l i n e  h y d r a t e s .  The f i r s t  o f  t h e s e  
was i d e n t i c a l  w i t h  W a l l a c h ' s  c a ry o p h y l le n e  a l c o h o l  m e l t in g  
a t  96° w hi le  t h e  second was an i so m er ic  a l c o h o l  m e l t in g
CflgyoPHyU-Civ*
fjLCOHQL
CLoV£n£ ?
( 11)
( 1 2 )
a t /
I!
a t  117°* The name (3- c a r y o p h y l l e n e  a l c o h o l  was g i v e n  t o  
t h e  fo rm er ,  w h i le  t h e  l a t t e r  was te rm ed  <k- c a r y o p h y l l e n e  
a l c o h o l .
I n  A sah ina  and TsukamotoTs h y d r a t i o n  a  l i q u i d  by­
p ro d u c t  i s  o b t a i n e d .  T h i s  o i l ,  p roduced  i n  about 25‘**30/£ 
y i e l d ,  i s  t r i c y c l i c  i n  s t r u c t u r e ,  and was th o u g h t  t o  be 
i d e n t i c a l  w i t h  c lo v e n e .
As t h e  c o n d i t i o n s  o f  t h e  Wallaoh h y d r a t i o n  o f  
c a r y o p h y l l e n e  do n o t  p e rm i t  t h e  s e p a r a t i o n  o f  t h e  two 
i s o m e t ic  a l c o h o l s ,  a  o a r e f u l  e x a m in a t io n  o f  t h e  p r o d u c t s  of  
t h i s  h y d r a t i o n  was c a r r i e d  out i n  t h e  c o u rse  o f  t h e  p r e s e n t  
work, bu t  n o <K- c a r y o p h y l l e n e  a l c o h o l  was found even a f t e r  
t h e  n e c e s s a r y  m o d i f i c a t i o n s  had been  i n t r o d u c e d .
D e h y d ra t io n  o f  t h e  <<-a l c o h o l  seemed t o  o f f e r  p o s s i b i l ­
i t i e s ,  t h e  v iew b e in g  h e ld  t h a t  on d e h y d r a t io n  i t  might 
y i e l d  t h e  c h a r a c t e r i s a b l e  h y d roca rb o n  i s o - c l o v e n e .  For the  
d e h y d r a t io n  a  c o n s i d e r a b l e  q u a n t i t y  o f  t h e  c t - a l c o h o l  was 
r e q u i r e d  and t h i s  work was h i n d e r e d  by t h e  e x c e p t i o n a l l y  
poor y i e l d s  o b t a i n e d  from t h e  h y d r a t i o n s .  I n  no c a se  was 
t h e  y i e l d  o f  <<-c a r y o p h y l l e n e  a l c o h o l  g r e a t e r  t h a n  itfo.
C o n s i d e r a t i o n  o f  Deussen*s v iews on t h e  h e te ro g e n e o u s  
n a t u r e  o f  c a r y o p h y l l e n e  su g g e s te d  f r a c t i o n a t i o n  a s  a 
means o f  improving  t h e  y i e l d ,  but  t h i s  met w i t h  no s u c c e s s .
D i f f i c u l t y  was a l s o  e x p e r i e n c e d  i n  t h e  p r e p a r a t i o n  o f  
a  p u r e  specimen o f  t h e  o<-alcohol . I t  was found t h a t  t h e  
b e s t  t r e a t m e n t  was t o  r e - s t e a m - d i s t i l  t h e  c ru d e  p ro d u c t  and 
t o  c r y s t a l l i s e  i t  from aqueous a l c o h o l ,  f i n a l l y  s u b j e c t i n g  
i t  t o  r e p e a t e d  c r y s t a l l i s a t i o n s  from p e t ro leu m  e t h e r  o r  
a ce to n e .
On d e h y d r a t io n  o f  t h e  «u a l c o h o l  w i th  phosphorus  
p e n to x id e ,  a  s e s q u i t e r p e n e  C15H24 was o b t a in e d .  I t  was 
u n s a t u r a t e d  to w a rd s  bromine i n  c h lo ro fo rm  and appeared  t o  
a b s o r b /
a b so rb  h y d r o c h l o r i c  a c i d ,  b u t  no s o l i d  h y d r o c h l o r i d e  
c o u ld  be i s o l a t e d ,  t h e  p ro d u c t  b e in g  a d a rk  brown o i l ,  
sm e l l i n g  s t r o n g l y  o f  h y d r o c h l o r i c  a c i d .  T h i s  hydro ­
c a rb o n ,  s i n c e  i t  y i e l d e d  no s o l i d  h y d r o c h l o r i d e ,  was 
t h e r e f o r e  n o t  i s o - c l o v e n e .
Another  sample  o f  c a r y o p h y l l e n e  a l c o h o l  was 
dehy d ra ted  by means o f  anhydrous o x a l i c  a c i d  a c c o rd in g
(13)
t o  t h e  method d e s c r i b e d  by Henderson and Smeaton. The 
p roduc t  was s i m i l a r  t o  t h a t  o b t a i n e d  by d e h y d r a t io n  w i th  
phosphorus  p e n to x id e  and behaved i n  l i k e  manner when t r e a t e d  
w i t h  h y d r o c h l o r i c  a o id .
From t h e i r  p h y s i c a l  c o n s t a n t s  i t  seemed p r o b a b le  t h a t  
t h e s e  two p r o d u c t s  were i d e n t i c a l  w i th  t h e  c lo v en e  p r e p a r e d  
from - c a r y o p h y l l e n e  a l c o h o l .
M oleou la r
B o i l i n g  P o in t  d ^  n^ R e f r a c t i v i t y  .
1 . By P2O5 118- 123/12  m.m.
2 . By (COOH)2 116- 122/12  m.m.
3. Glovene from 
^-Alcohol  I I I - I I 4 / I O  m.m.
The v a l u e s  f o r  th e  m o le c u la r  r e f r a c t i v i t y  show t h e s e  
h y d ro ca rb on s  t o  be o f  t r i c y c l i c  s t r u c t u r e .
W al lach  found t h a t  (3- c a r y o p h y l le n e  a lc o h o l  when 
t r e a t e d  w i t h  phosphorus  p e n t a c h l o r i d e  y i e l d e d  a  c h l o r o -  
d e r i v a t i v e  O15H25CI which m e l ted  a t  630 . and was extrar-  
o r d i n a r i l y  s t a b l e ,  a t t e m p t s  t o  remove hydrogen c h l o r i d e  
only r e s u l t i n g  i n  r e g e n e r a t i o n  o f  t h e  p a re n t  a l c o h o l .  T h i s  
o h l o r id e  i s  i so m er ic  w i t h  t h e  m onohydrochlor ide  o f  i s o -  
c lovene  m e l t in g  a t  87°G*
I n  t h e  c o u rs e  o f  t h e  p r e s e n t  work i t  was though t  t h a t  
t h e  c o r r e s p o n d in g  c h l o r o - d e r i v a t  ive  o f  <*.- c a r y o p h y l le n e  
a l c o h o l  might be i d e n t i c a l  w i t h  i s o - c lo v e n e  h y d r o c h l o r i d e ,  
b u t  t r e a t m e n t  o f  t h e  d - a l c o h o l  w i th  phosphorus  p e n ta c h l o r i d e  
y i e l d e d /
.9252 1.5000 64*8
•9308 1.4950 64 .1
.9240 1.4980 64 .7
y i e l d e d  no c r y s t a l l i n e  d e r i v a t i v e ,  t h e  p r o d u c t s  i n  a l l  
c a s e s  b e in g  e a s i l y  decomposing o i l s  o r  o i l s  c o n t a i n i n g  
no c h l o r i n e .  I t  i s ,  t h e r e f o r e ,  e x t r e m e ly  l i k e l y  t h a t  
<L- c a r y o p h y l l e n e  a l c o h o l  y i e l d s  an u n s t a b l e  c h l o r o -  
d e r i v a t i v e ,  p ro b ab ly  a  l i q u i d .
I t  has  been  m en t ioned  t h a t  f r a c t i o n a t i o n  o f  c a r y ­
o p h y l le n e  was c a r r i e d  out  i n  a t t e m p t s  t o  improve t h e  y i e l d  
o f  *■- c a r y o p h y l l e n e  a l c o h o l .  Deussen,  t o  s u b s t a n t i a t e  t h e  
c l a im  t h a t  he had s e p a r a t e d  c a r y o p h y l l e n e  i n t o  two hydro­
c a r b o n s ,  s t a t e d  t h a t  he o b t a in e d  d i f f e r e n t  y i e l d s  o f  
d e r i v a t i v e s ,  such  a s  t h e  n i t r o s i t e ,  from h i s  f r a c t i o n s .
I n  t h e  p r e s e n t  work, by c a r e f u l  f r a c t i o n a t i o n  o f
crude  c a r y o p h y l l e n e  under  reduced  p r e s s u r e  a number o f
f r a c t i o n s  was o b t a i n e d .  Of t h e s e ,  t h e  two lo w e s t  were
r e j e c t e d ,  a s  i t  was q u i t e  p o s s i b l e  t h a t  th ey  d id  not  c o n s i s t
o f  c a r y o p h y l l e n e ,  t h e i r  b o i l i n g  p o i n t s  b e in g  much lo w er
t h a n  t h a t  o f  t h e  main f r a c t i o n .  While t h e  o t h e r  f r a c t i o n s
showed s l i g h t  d i f f e r e n c e s  i n  p h y s i c a l  c o n s t a n t s ,  t h e r e  was
no a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  y i e l d s  o f  t h e  oC-and [3 -
a l c o h o l s  o b t a in e d  on h y d r a t i o n  o f  t h e s e  f r a c t i o n s .  The
y i e l d s  o f  t h e  c r y s t a l l i n e  c a r o p h y l l e n e  d i h y d r o c h l o r id e
reach ed  a  maximum i n  t h e  f r a c t i o n  which c o n s t i t u t e d  t h e
main b u lk  o f  t h e  h ydroca rbon .  T h i s ,  t h e r e f o r e ,  does not
c o n f i rm  t h e  t h e o r y  o f  t h e  p re s e n c e  o f  two d i s t i n c t
h y d ro ca rb o n s ,  s e p a r a b l e  by d i s t i l l a t i o n .
(14 )
Chapman i n  a p a p e r  on t h e  q u e s t i o n  o f  t h e  i d e n t i t y  
o f  one o f  D a u ssen ’ s f r a o t i o n s  w i t h  Humulene (a  c o n s t i t u e n t  
o f  O i l  o f  Hops) s t a t e d  t h a t  he was u n ab le  t o  r e p e a t  
Deussen*s work on t h e  s e p a r a t i o n  o f  t h e  two c a r y o p h y l l e n e s .  
Chapman d i s t i l l e d  c a r y o p h y l l e n e  a t  ve ry  low p r e s s u r e s  and 
o b ta in e d  two main f r a c t i o n s  d i f f e r i n g  s l i g h t l y  i n  p h y s i c a l  
p r o p e r t i e s .  He was a b le  t o  p re p a re  t h e  same d e r i v a t i v e s  
from b o th  f r a o t i o n s .
The/
The f a c t  t h a t  t h e  y i e l d  o f  t h e  c r y s t a l l i n e  d ih y d ro ­
c h l o r i d e  from c a r y o p h y l l e n e  was n e v e r  g r e a t e r  th a n  35$ 
l e d  u s  t o  examine t h e  m o th e r  l i q u o r s  from t h i s  p r e p a r a t i o n .  
A n a ly s i s  of  t h e s e  m o the r  l i q u o r s  from t h e  p r e p a r a t i o n  o f  
t h e  d i h y d r o c h l o r i d e  from s e v e r a l  f r a c t i o n s  o f  c a r y o p h y l le n e  
showed t h e  c h l o r i n e  c o n t e n t  t o  he o f  the  o r d e r  o f  20$.
I f  t h i s  c h l o r i n e  i s  e n t i r e l y  due t o  t h e  p re s e n c e  of  
d i h y d r o c h l o r i d e  d i s s o l v e d  in  u n a t t a c h e d  h yd roca rb on ,  t h e n  
t h e  d i h y d r o c h l o r i d e  must he p r e s e n t  t o  t h e  e x te n t  o f  80$ 
(G2.5H25GI2 c o n t a i n s  26$  o h l o r i n e ) .  T h i s  seems u n te n a b le  
a s  t h e  l i q u o r  i s  a l low ed  t o  s t a n d  f o r  24.-4.O h o u rs  a t  0 °C 
t o  allfcw t h e  d i h y d r o c h l o r i d e  t o  c r y s t a l l i s e  o u t .
The m othe r  l i q u o r s  were c a r e f u l l y  p u r i f i e d  from 
m e c h a n ic a l ly  h e ld  h y d r o o h l o r i c  a c i d  and f r e e d  a s  com ple te ly  
a s  p o s s i b l e  from d i s s o l v e d  d i h y d r o c h l o r i d e ,  b u t  subsequent  
a n a l y s i s  showed t h a t  i n  no c a s e  was t h e  c h l o r i n e  c o n te n t  
lo w e r  t h a n  18$ .  T h is  l e a d s  t o  t h e  c o n c l u s i o n  t h a t ,  .by 
t h e  a c t i o n  o f  the  h y d r o c h l o r i c  a c i d ,  some o f  th e  d i c y c l i o  
c a r y o p h y l le n e  was c o n v e r t e d  i n t o  a  t r i c y c l i c  h ydroca rbon ,  
cap a b le  of  g i v i n g  a  l i q u i d  mono-h y d r o c h l o r i d e  C15H25CI.
I n  sup p o r t  o f  t h i s ,  i t  i s  w e l l  known t h a t  a c i d  r e a g e n t s  
cau se  r i n g  c l o s u r e  i n  t h e  s e s q u i t e r p e n e s .
Such a  l i q u i d  m onohydroch lor ide  G]_^H25G1 sh o u ld  c o n t a i n  
1 4 .6 $  c h l o r i n e ,  and t h e  e x c e s s  ( t o  make up t o  18$, t h e  
v a lu e  found)  i s  p ro bab ly  due t o  a  q u a n t i t y  o f  c a r y o p h y l le n e  
d i h y d r o c h l o r i d e  rem ain ing  d i s s o l v e d  i n  t h e  o i l .
I t  was found  im p o s s ib le  t o  o b t a i n  a s e p a r a t i o n  by 
d i s t i l l a t i o n .
How, by slow and c a r e f u l  t r e a t m e n t  w i th  sodium
(15)
methoxide ,  Semmler was a b le  t o  r e g e n e r a t e  from c a ry o p h y l le n e  
d i h y d r o c h l o r id e  an  o i l  c o n s i s t i n g  l a r g e l y  o f  d i c y c l i c  
hydroca rbon ,  o t h e r  methods o f  removing hydrogen c h l o r i d e  
y i e l d i n g  a  t r i c y c l i c  s e s q u i t e r p e n e .  When t r e a t e d  i n  t h i s  
way/
way t h e r e  sh o u ld  be no p o s s i b i l i t y  o f  o b t a i n i n g  a  d i o y c l i e  
s e s q u i t e r p e n e  from t h e  l i q u i d  ( t r i c y c l i c )  m o n o h y d ro ch lo r id e .  
T h i s  e x p er im en t  was t h e r e f o r e  c a r r i e d  o u t ,  and f o r  
com par ison  a c o n t r o l  e x p er im en t  was performed., s i m u l t a n e o u s l y , 
und e r  t h e  same c o n d i t i o n s ^  u s i n g  t h e  c r y s t a l l i n e  c a r y o p h y l l e n e  
d i h y d r o c h l o r i d e .  The m o le c u la r  r e f r a c t  i v i t i e s  o f  th e  
p r o d u c t s  showed t h a t  w h i l e  t h e  o i l  from t h e  s o l i d  d ih y d ro ­
c h l o r i d e  c o n s i s t e d  l a r g e l y  o f  a  d i c y c l i c  s e s q u i t e r p e n e ,  
t h a t  from t h e  l i q u i d  m onohydroch lo r ide  appea red  t o  be a lm ost  
e n t i r e l y  t r i c y c l i c ,  and, a s  f a r  a s  c o u ld  be judged from 
p h y s i c a l  p r o p e r t i e s ,  i d e n t i c a l  w i t h  c lo v e n e .
T h e re  a r e  t h u s  t h r e e  isom ers  o f  t h e  fo r m u la  C15H25CI. 
These  a r e  (1 ) th e  c h l o r o - d e r i v a t i v e  of  jJ- c a ry o p h y l le n e  
a l c o h o l  m e l t in g  a t  6 3 ° G . , (2) i s o - c l o v e n e  h y d r o c h lo r id e  
m e l t i n g  a t  87° G . , and (5) t h e  l i q u i d  monohydrochlor ide  of  
c l o v e n e .
The s t r u c t u r e  V I I  i s  g e n e r a l l y  ad op ted  f o r  |2- c a r y o p h y l ­
l e n e  a l c o h o l ,  and i t s  c h l o r o - d e r i v a t i v e  i s  shown a s  V I I I .
From fo rm ula  V II  by e l i m i n a t i o n  o f  t h e  e lem en ts  of  
w a te r  i n  t h e  s i m p le s t  ways we o b t a i n  t h r e e  p o s s i b l e  formulae  
f o r  c lov en e  o r  i s o - c l o v e n e :
I t  would be e x p e c te d  from t h e s e  s t r u c t u r e s  t h a t  th e  
h y d r o c h l o r i d e s /
Vh. vnr.
h y d r o c h l o r i d e s  from c lov en e  and i s o - c l o v e n e  would be 
i d e n t i c a l  w i th  t h e  c h l o r o - d e r i v a t  iv e  (V I I I )  o f  (3- c a r y o p h y l ­
l e n e  a l c o h o l ,  but  t h i s  i s  n o t  t h e  c a s e .
I t  i s ,  t h e r e f o r e ,  ve ry  p ro b a b le  t h a t  t h e  d e h y d r a t io n  
o f  | i ' c a r y o p h y l l e n e  a l c o h o l  does  not t a k e  p la c e  i n  t h e  s imple  
way i n d i c a t e d  above,  and t h a t  some i n t r a m o l e c u l a r  r e a r r a n g e ­
ment o c c u r s  i n  t h e  t r a n s f o r m a t i o n  t o  c lo v e n e .
No ch em ic a l  e v id e n ce  o f  t h e  t r i c y c l i c  n a t u r e  o f  c lovene  
i s  c h r o n i c l e d  i n  t h e  l i t e r a t u r e ,  such  a s t r u c t u r e  be in g  
a s s i g n e d  on t h e  v a l u e  f o r  th e  m o le c u l a r  r e f r a c t i v i t y  a lo n e .
By h y d r o g e n a t io n  o f  c l o v e n e ,  p r e p a r e d  by d e h y d r a t io n  
o f  ( i - c a ry o p h y l l e n e  a l c o h o l  w i th  phosphorus  pen t  o x id e ,  we 
found t h a t  the  a b s o r p t i o n  o f  hydrogen in  p re s e n c e  o f  
p a l l a d iu m  b l a c k  was a lm os t  th e  t h e o r e t i c a l  q u a n t i t y  c a l c u l a t e d  
f o r  a  t r i c y c l i c  s e s q u i t e r p e n e  ( c o n t a i n i n g  one e t h y l e n i c  
l i n k a g e ) .  The h y d ro g en a ted  p r o d u c t ,  e x t r a c t e d  i n  t h e  
u s u a l  manner gave on a n a l y s i s '  r e s u l t s  i n d i c a t i n g  th e  
c o m p o s i t io n  T h i s  i s  t h e r e f o r e  d ih y d r o - c lo v e n e  and
i t s  p r o d u c t i o n  c o n f i rm s  t h e  t r i c y c l i c  n a t u r e  o f  c lo v e n e .
S ince  i t  was i n d i c a t e d  t h a t  oC-caryophyllene a l c o h o l  
y i e l d e d  an u n s t a b l e  l i q u i d  c h l o r o - d e r i v a t  iv e  (p .  (.3-) t h e  
q u e s t i o n  o f  t h e  i d e n t i t y  o f  t h i s  d e r i v a t i v e  w i th  t h e  l i q u i d  
c lov en e  mono h y d r o c h l o r i d e  was c o n s i d e r e d .
By t r e a t m e n t  o f  the  l i q u i d  c lovene  h y d ro c h lo r id e  
(from t h e  c a r y o p h y l le n e  d i h y d r o c h l o r i d e  m other  l i q u o r s )  w i th  
s i l v e r  a c e t a t e  an  o i l  was o b t a in e d .  A f t e r  h y d r o l y s i s  and 
s t e a m - d i s t i l l a t i o n ,  t h e  steam v o l a t i l e  p o r t i o n  on d i s t i l l a t i o n  
i n  vacuo y i e l d e d  two main f r a c t i o n s ;  (a)  11&-124/11 m.m., 
and (b) 1 3 9 - I 4 7 / I I  m.m. The f i r s t  o f  t h e s e  proved on 
ex am in a t io n  t o  c o n s i s t  mainly  o f  r e g e n e r a t e d  t r i c y c l i c  
c lo v e n e .  T h i s  f u r n i s h e s  a d d i t i o n a l  e v id e n c e  o f  r i n g -  
c l o s u r e  hav ing  t a k e n  p l a c e  by t h e  a c t i o n  o f  th e  h y d r o c h lo r i c  
a c id  on some o f  t h e  o r i g i n a l  ( d i c y c l i c )  c a r y o p h y l l e n e .
The/
The second  f r a c t i o n  (b) c o n s i s t e d  o f  an a l c o h o l  
^15H2 6^‘ a l c o h o l  was s a t u r a t e d  and measurement o f
i t s  m o le c u l a r  r e f r a c t i v i t y  i n d i c a t e d  i t s  t r i c y c l i c  n a t u r e .
I t  co u ld  not  be induced  t o  c r y s t a l l i s e  and hence must be 
r e g a r d e d  as  a  new isom er  o f  <*•-and (3- c a r y o p h y l l e n e  a l c o h o l s .
C o n f i r m a t io n  o f  t h e  r e l a t i o n s h i p  o f  t h i s  a l c o h o l  t o  
c lovene  was o b t a i n e d  by s a t u r a t i n g  c lo v e n e ,  from j3- c a r y o p h y l -  
l e n e  a l c o h o l ,  w i th  hydrogen c h l o r i d e .  T h i s  y i e l d e d  a 
l i q u i d  c o n t a i n i n g  1 2 .4 $  c h l o r i n e  and s i m i l a r  t o  t h e  p u r i f i e d  
c lovene  m onohydroch lo r ide  o b t a i n e d  from t h e  m other  l i q u o r s  
a s  p r e v i o u s l y  d e s c r i b e d .  T h is  o i l  was t r e a t e d  w i th  s i l v e r  
a c e t a t e  as  b e f o r e ,  and a q u a n t i t y  o f  a  s i m i l a r  a l c o h o l i c  
f r a c t i o n  was s e p a r a t e d .  T h i s  a l c o h o l  appea red  a lmost  
i d e n t i c a l  w i th  t h a t  p roduced  i n  t h e  p r e c e d i n g  e x p e r im e n t s ,  
a l t h o u g h  no e v id e n c e  o t h e r  th a n  p h y s i c a l  c o n s t a n t s  was 
o b t a i n a b l e .
The r e l a t i o n s h i p s  d i s c u s s e d  a r e  shown i n  t h e  accompany­
in g  diagram (p«2.*v).
I n  t h i s  p a p e r ,  i t  h a s  been  p roved  a lm ost  c o n c l u s i v e l y  
( though  u n f o r t u n a t e l y  by n e g a t i v e  r e s u l t s  a lo n e )  t h a t  t h e  
d e h y d r a t io n  o f  (3- c a ry o p h y l le n e  a l c o h o l  i s  n o t  a  s im ple  
l o s s  of  the  e le m e n ts  o f  w a t e r ,  s i n c e  t h e  t r i c y c l i c  c lov en e  
produced c an no t  be r e - t r a n s f o r m e d  i n t o  t h e  p a r e n t  s o l i d  
a l c o h o l  by any s e r i e s  o f  r e a c t i o n s  such as  t r e a t m e n t  w i th  
hydrogen c h l o r i d e  and s u b s e q u e n t ly  w i t h  s i l v e r  a c e t a t e .
The n a t u r e  of t h e  i n t r a m o l e c u l a r  change which must take  
p la c e  i s  a t  p r e s e n t  unknown.
The q u e s t i o n  w he ther  th e  oi~ and j j - c a r y o p h y l l e n e  a l c o h o l s  
d i f f e r  i n  s t r u c t u r e  o f  a r e  s t e r e o - i s o m a r s  i s  o f  im por tance .
The o(. a l c o h o l  on d e h y d r a t io n  y i e l d s  a  s e s q u i t e r p e n e ,  which,  
from p h y s i c a l  p r o p e r t i e s ,  a p p e a r s  i d e n t i c a l  w i th  t h e  c lovene  
from th e  (3- a l c o h o l .  The a c t i o n  o f  phosphorus  penta*AA«chi«ride 
on/
on t h e  cL- a l c o h o l ,  however,  i n d i c a t e s  t h a t  t h e  h y d ro xy l  
group i s  i n  a d i f f e r e n t  env ironm ent  t h a n  i n  t h e  c a r y o p h y l l e  
a l c o h o l  which on s i m i l a r  t r e a t m e n t  y i e l d s  a  v e ry  s t a b l e  
c h l o r o - d e r i v a t  i v e .  T h i s  has now been c o n f i rm ed  by
o x i d a t i o n  o f  th e  two a l c o h o l s .
( 10)
As has  been  m en t ioned ,  Henderson,  R ob e r tso n  and K er r  
found t h a t  (J- c a r y o p h y l l e n e  a l c o h o l  was u n a t t a c k e d  by 
p o tas s iu m  permanganate  o r  by p ro lo n g ed  t r e a t m e n t  w i th  
hydrogen p e r o x i d e .
The use  o f  Beckmann's  Chromic Acid M ix tu re  by Henry
(16)
and Page t  f o r  t h e  o x i d a t i o n  o f  t h e  s im p le r  a l i p h a t i c  and
monocyclic  t e r p e n e s ,  and  l a t e r ,  th e  s u c c e s s f u l  a p p l i c a t i o n
(17)
o f  t h e  same r e a g e n t  by Gibson and Simonsen t o  t h e  d i c y c l i c  
t e r p e n e s ,  su g g e s t e d  i t  a s  a  s u i t a b l e  o x i d i s i n g  agen t  f o r  
t h e  c a r y o p h y l l e n e  a l c o h o l s .
The o x i d a t i o n  o f  (3 - c a r y o p h y l le n e  a l c o h o l  w i th  
Beckmann's  Chromic Acid M ix tu re  y i e l d e d  a  l i q u i d  a c i d  
p r o d u c t ,  about  $0% o f  th e  a l c o h o l  b e in g  re c o v e re d  unchanged. 
T h i s  a c i d ,  which c o u ld  not be o b t a i n e d  c r y s t a l l i n e ,  was 
p u r i f i e d  by d i s t i l l a t i o n  of  t h e  m ethy l  e s t e r .  A n a ly s i s  
o f  t h e  m ethy l  e s t e r  and o f  t h e  s i l v e r  s a l t  o f  t h e  a c i d  
i n d i c a t e d  t h e  fo rm u la  C-^Hi^Oj-
A s i m i l a r  o x i d a t i o n  o f  o U cary op h y l lene  a l c o h o l  y i e l d e d  
as  main p ro d u c t  a  c r y s t a l l i n e  a c i d  which was found t o  be 
i d e n t i c a l  w i t h  a  d i c a r b o x y l i c  a c i d  315H24O4 o b ta in e d  in  
P r o f e s s o r  R u z i c k a ' s  l a b o r a t o r y  by t h e  chromic a c i d  o x i d a t i o n  
o f  t h e  l i q u i d  b y - p r o d u c t  produced  in  t h e  h y d r a t i o n  of 
c a ry o p h y l le n e  (p 0l ! . ) .
The f i r s t  s t e p  in  t h e s e  o x i d a t i o n s  a lm os t  c e r t a i n l y  
c o n s i s t s  o f  d e h y d r a t i o n  o f  t h e  a l c o h o l ,  henoe i t  may be 
assumed t h a t  t h e  c lov en e  o b t a i n e d  by d e h y d ra t io n  o f  
o t-caryophyllene  a l c o h o l  i s  i d e n t i c a l  w i t h  t h e  c lovene  
o b t a i n e d /
o b t a i n e d  a s  b y - p r o d u c t  i n  t  be h y d r a t i o n  o f  c a r y o p h y l l e n e .
I t  i s  in d e e d ,  p o s s i b l e  t h a t  th e  p r o d u c t i o n  o f  t h i s  
t r i c y c l i c  l i q u i d  b y - p r o d u c t  may be due to  t h e  d e h y d r a t i o n  
o f  t h e  r t - c a ry o p h y l l e n e  a l c o h o l  as  soon a s  i t  i s  formed,  
th e  d e h y d r a t i o n  b e in g  e f f e c t e d  by t h e  s u l p h u r i c  a c i d  used  
i n  t h e  p r e p a r a t i o n .
The r e s u l t s  o f  t h e s e  o x i d a t i o n s  show t h e  two c a r y ­
o p h y l le n e  a l c o h o l s  t o  be s t r u c t u r a l  i so m ers .  The e x a m in a t io n  
o f  t h e  c lo v e n e  d i c a r b o x y l i c  a c i d  C15H24O4, which i t  i s  
u n d e r s to o d  i s  i n  p r o g r e s s ,  sh o u ld  l e a d  t o  c o n c lu s io n s  which 
may h e lp  t o  f i x  th e  p o s i t i o n  o f  t h e  h y d ro x y l  group  i n  
<£■ c a r y o p h y l l e n e  a l c o h o l .  The f u r t h e r  o x i d a t i o n  o f  t h e  
l i q u i d  a c i d  from p. c a r y o p h y l l e n e  a l c o h o l  may a l s o  y i e l d  
r e s u l t s  o f  im por tance  i n  s o l v i n g  t h e  problem o f  t h e  s t r u c t u r e s  
o f  compounds o f  t h e  c lov en e  group.
JWflCftAM S h o w i n g  R e l a t i o n s h i p s  j h s c u s s e d .
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(b) E x p e r i m e n t a l .
Pile C a ry o p h y l len e  used i n  t h e s e  e x p e r im e n t s  was 
s u p p l i e d  by M ess rs  Bush and Co* The orude s e s q u i t e r p e n e  
was o f  a  y e l l o w i s h  c o l o u r  and b o i l e d  ove r  a c o n s i d e r a b l e  
range  o f  t e m p e r a t u r e .  i t  was, t h e r e f o r e ,  g e n e r a l l y  
found n e o e s s a r y  t o  f r a c t i o n a t e  t h e  o i l  b e fo r e  u s e .  For  
o r d i n a r y  p u r p o s e s  a  f r a c t i o n  b o i l i n g  a t  I l 8 - 1 2 6 ° / l 0  m.m. 
was q u i t e  s a t i s f a c t o r y .
I n  t h e  c a r e f u l  f r a c t i o n a t i o n  o f  c a r y o p h y l le n e  which 
was c a r r i e d  out  i n  a t t e m p t in g  t o  i n c r e a s e  t h e  y i e l d  o f  
o<.-oaryophyllene a l c o h o l ,  a  l a r g e  q u a n t i t y  (about  2£ l i t r e s )  
o f  t h e  orude  s e s q u i t e r p e n e  was r e p e a t e d ly  d i s t i l l e d  under  
reduced  p r e s s u r e .  S ix  f r a o t i o n s  were u l t i m a t e l y  o b t a in e d ,  
but  o f  t h e s e  t h e  two low es t  p robab ly  do n o t  c o n s i s t  o f  
c a r y o p h y l le n e .
Deussen, a s  m ent ioned i n  t h e  t h e o r e t i c a l  s e c t i o n ,  
c la im ed  t o  have s e p a r a t e d  c a r y o p h y l le n e  i n t o  i t s  component 
hydroca rb o ns  by d i s t i l l a t i o n  a lo n e .  His v a lu e s  were:
B.P . d. M oleoular  
He f r  a c t i v i t y H *
132 - 134 /16  m.m. •903520 1-4997 6 6 .4 5 • — 4.67
128 - 128.5/I7m.m. •91031? 1-4989 65 .86 - 2 3 .5 7
123 - 124/l4.5m,m. • 899020 1.4962 66 .31 -
Chapman b e in g  unab le  t o  r e p e a t  t h i s  work gave t h e  
f o l l o w in g  c o n s t a n t s  f o r  the  two main f r a c t i o n s  o f  c a r y o p h y l l e n e .
B .P . / 3  m.m. *10 ttao _
is
n> _ K h
95-97 .9028 1.4987 -812
98-102 •9025- 1 *4290 .. . --2 -JL
The p h y s i c a l  p r o p e r t i e s  o f  t h e  f r a c t i o n s  o b ta in e d  by
u s /
us  a r e  g iv e n  i n  t h e  nex t  t a b l e ,  t o g e t h e r  w i t h  t h e  y i e l d s  
o f  t h e  c r y s t a l l i n e  c a ry o p h y l le n e  d i h y d r o c h l o r i d e .
F r a c t i o n  B .P . /1 0  m.m. - 1 Molec . R e f r a c t .
Y ie ld  Dihydro­
c h l o r i d e .
A up t o  100 1.4690
%
B 100 -  115 1.4923 3 -4
C 116 -  119 1.5000 .9105 65-86 26.
D 120 -  122 1.5000 .9064 6 6 .2 4 3 5 . I
E 123 -  127 1.5010 .9062 66.31 26 .5
128 -  134 1.5018 .9058 66 .46 19 .7
The y i e l d  o f  t h e  d i h y d r o c h l o r id e  reached  a maximum in  
t h e  f r a c t i o n  c o n s t i t u t i n g  t h e  main b u lk  o f  t h e  hydrocarbon ,  
l i t t l e  o r  no d i f f e r e n c e  was o b t a i n e d  in  t h e  y i e l d s  o f  t h e  
h y d r a t i o n  p r o d u c t s  from d i f f e r e n t  f r a c t i o n s .
P r e p a r a t i o n  o f  G ary op hy l lene  D i h y d r o c h lo r id e .
The o i l  was d i s s o l v e d  in  tw ic e  i t s  volume o f  anhydrous 
e t h e r  ( d r i e d  o v e r  sodium) and c o o le d  t o  0°Q. Dry 
h y d r o c h l o r i c  a c id  g a s  was p a ssed  i n  s lowly  u n t i l  a b s o r p t i o n  
was c o m p le te .  During  a b s o r p t i o n  t h e  c o l o u r  o f  t h e  s o l u t i o n  
changed t o  r e d ,  and f i n a l l y  t o  a  deep p u r p l e ,  p ro b ab ly  due 
t o  t h e  p re s e n c e  o f  azu len e  in  t h e  commercial  o i l*
A f t e r  a b s o r p t i o n ,  t h e  f l a s k  c o n t a i n i n g  th e  s o l u t i o n  
was t i g h t l y  s to p p e r e d  and a l low ed  t o  remain a t  0 °C f o r  a 
f u r t h e r  24 h o u r s .  The e t h e r  was t h e n  removed a t  room 
t e m p e r a t u r e  by drawing a  o u r r e n t  o f  d r i e d  a i r  over  t h e  
s u r f a c e  o f  t h e  s o l u t i o n .  The r e s i d u e  was onoe more 
c o o le d  i n  a  f r e e z i n g  m ix tu re  when i t  s e t  t o  a s e m i - s o l i d  
mass o f  c r y s t a l * .  These were d r a i n e d ,  p re s s e d  and 
r e c r y s t a l l i s e d  from e t h y l  a c e t a t e .  M.P» 69 •
H y d ra t io n  o f  C a r y o p h y l l e n e .
(a) P r e p a r a t i o n  o f  Caryoph y l l e n e  Alcohol .
T h e /
The h y d r a t i o n s  were c a r r i e d  out a c c o rd in g  t o  t h e
( 1 2 )
method o f  A sah ina  and Tsukamoto.
C a ry op h y l lene  (100 cc)  was added drop by drop to  
a  m ix tu re  o f  a b s o l u t e  e t h e r  (80 cc)  and c o n c e n t r a t e d  
s u l p h u r i c  a c i d  (30 c c ) ,  th e  t e m p e r a tu re  o f  t h e  m ix tu re  
b e in g  k e p t  below 10°G d ur ing  t h e  a d d i t i o n  o f  t h e  o i l .
Shaking  a t  i n t e r v a l s  promoted t h e  r e a c t i o n .  The v i s o o u s  
red  l i q u i d  so p roduced  was a l lowed t o  s t a n d  a t  room t e m p e r a tu re  
f o r  l f - 2  h o u r s  and t h e n  poured q u ic k ly  on t o  i c e  mixed 
w i th  s u f f i c i e n t  sodium c a rb o n a te  t o  n e u t r a l i s e  t h e  a c id .
T h i s  a l k a l i n e  m ix tu re  was s t e a m - d i s t i l l e d .  A q u a n t i t y  
o f  o i l  d i s t i l l e d  f i r s t  but  l a t t e r l y  t h e  o i l  s o l i d i f i e d  on 
c o o l i n g  and was f i l t e r e d  from t h e  aqueous d i s t i l l a t e .  
D i s t i l l a t i o n  was c o n t in u e d  u n t i l  no more o i l  v o l a t i l i s e d .
The crude s o l i d  p ro d u c t  ( j i -ca ryophy l lene  a l c o h o l )  was 
f re e d  from o i l  by p r e s s i n g  and r e c r y s t a l l i s e d  from pe t ro leum  
e t h e r .  B e t t e r  c r y s t a l s  were o b t a in e d  from a c e to n e .  Y ie ld
30 g .  M .P t • 94- 95°G.
The o i l  which d i s t i l l e d  o v e r  f i r s t  c o n s i s t e d  o f  t h e  
b y -p ro d u c t  t r i c y c l i c  h ydroca rbon  t o g e t h e r  with some 
u n a t t a c k e d  c a r y o p h y l l e n e .
(b) o l -C a ry o p h y l le n e  A lc o h o l .
The a l k a l i n e  aqueous l i q u o r  l e f t  i n  t h e  f l a s k  a f t e r  
removal o f  t h e  |3- a l c o h o l  was made a c i d  w i t h  d i l u t e  su lp h u r i c  
a c i d  and s t e a m - d i s t i l l e d  once more. Some o i l y  d i s t i l l a t e  
was a l s o  o b t a in e d  a t  t h i s  s t a g e ,  but  l a t e r  t h e  <*-a lc o h o l  
s o l i d i f i e d  on c o o l i n g .  Y ie ld  c rude  p ro d u c t ,  4 g»
F o r  p u r i f i c a t i o n  i t  was n e c e s s a r y  t o  r e - s t e a m - d i s t i l  
t h e  c rude  p ro d u c t  i n  o r d e r  t o  f r e e  i t  from o i l  which 
h i n d e r e d  c r y s t a l l i s a t i o n .  I t  was t h e n  d i s s o l v e d  in  e t h y l  
a l c o h o l  and r e p r e c i p i t a t e d  by t h e  a d d i t i o n  o f  w a te r ,  t h e  
s o l u t i o n  b e in g  c o o le d  i n  i c e .  .Further  p u r i f i c a t i o n  was • 
t h e n /
t h e n  p o s s i b l e  by r e p e a t e d  c r y s t a l l i s a t i o n  from p e t ro leum  
e t h e r ,  t h e  m e l t i n g  p o in t  r i s i n g  t o  117°C.
M o d i f i c a t i o n  o f  W a l l a c e s  H y d r a t io n .
The method used by W allach  f o r  th e  p r e p a r a t i o n  o f  jS” 
c a r y o p h y l l e n e  a l c o h o l  does not  pe rm i t  t h e  s e p a r a t i o n  o f  <*.- 
c a r y o p h y l l e n e  a l c o h o l  i f  any i s  formed, s i n c e  t h e  p- a l c o h o l  
i s  o b t a i n e d  by s t e a m - d i s t i l l a t i o n  o f  t h e  a c i d  r e a c t i o n  
m ix t u r e .  The fo l lo w in g  m o d i f i c a t i o n  was u se d :  c a ry o p h y l le n e  
(150 g . )  was added t o  a c e t i c  a c i d  (1 l i t r e )  c o n t a i n i n g  
s u l p h u r i c  a c i d  (12 cc)  and water  (40 cc)  and t h e  whole 
m a in t a in e d  a t  80- 100°C f o r  about  30 h o u rs .  The m ix tu re  was 
made a l k a l i n e  w i t h  sodium c a r b o n a t e  and s t e a m - d i s t i l l e d ,  
the  {J- c a ry  o p h y l le n e  a l c o h o l  be ing  o b ta in e d  in  t h e  d i s t i l l a t e .  
The r e s i d u e  was a c i d i f i e d  w i th  s u l p h u r i c  a c i d  and s team -  
d i s t i l l e d  a g a i n ,  but  no c t -c a ry o p h y l le n e  a l c o h o l  was o b ta in e d .
Dehydra t ion  o f  c t -C a ry o p h y l le n e  A lc o h o l .
(a) By Phosphorus  Pent  o x i d e .
eC-Caryophyllene a l c o h o l  (10 g . )  was added i n  th e  m olten  
s t a t e  t o  an e q u a l  weight  o f  phosphorus pen t  o x id e .  R e ac t io n  
to o k  p l a c e  a t  once and p r e c a u t i o n s  were t a k e n  t o  keep the  
t e m p e r a tu re  a s  low a s  p o s s i b l e  w ithou t  s to p p in g  t h e  r e a c t i o n .  
(This  p r e c a u t i o n  i s  n e ce ssa ry  i n  t h e  d e h y d ra t io n  o f  
^ - c a ry o p h y l l e n e  a l c o h o l  s in c e  i f  t h e  d e h y d ra t io n  t a k e s  p lac e  
a t  t o o  h i g h  a  t e m p e r a t u r e ,  no i so c lo v e n e  i s  o b t a i n e d ) .  When 
t h e  r e a c t i o n  seemed com ple te ,  sodium c a rb o n a te  was added t o  
n e u t r a l i s e ,  and t h e  o i l  steam—d i s t i l l e d .  A y e l l o w i s h
mobile  o i l  was o b ta in e d ,  and was e x t r a c t e d  from t h e  aqueous 
d i s t i l l a t e  by e t h e r .  A f t e r  d ry in g  over  anhydrous sodium 
s u l p h a t e ,  t h e  so lv e n t  was removed by d i s t i l l a t i o n  and the  
r e s u l t i n g  o i l  d i s t i l l e d  i n  vacuo.  The p ro d u c t  c o n s i s t e d  
o f  a  c o l o u r l e s s  m obile  o i l  having t h e  fo l lo w in g  c o n s t a n t s :
B . p . l l 8- 123°/12  num., d^ . 9252, nj, I.50OO.
M o le c u la r /
M o le c u la r  R e f r a c t i v i t y  64 .8  ( c a l c u l a t e d  f o r  a 
t r i c y o l i c  s e s q u i t e r p e n e  6 4 .4 )
.1119  gave .3584  g .  CO2 and . I I 7 1  g .  H20
C a l c u l a t e d  f o r
H
C
c 15h 24
88 .23
11.70
8 7 .8
I I . 6 3
Round
The o i l  (2 g . )  was d i s s o l v e d  i n  tw ic e  i t s  volume of  
anhydrous e t h e r ,  c o o le d  t o  0° and dry hydrogen o h l o r i d e  
passed  in  s lo w ly .  When a b s o r p t i o n  was co m p le te ,  t h e  
m ix ture  was a l low ed  t o  s t a n d  24 h o u rs  a t  the  end o f  which 
time t h e  e t h e r  was removed by drawing a  c u r r e n t  o f  d r i e d  a i r  
over t h e  s u f f a c e  o f  t h e  l i q u i d .  A f t e r  t h e  e t h e r  had been 
removed, t h e  p ro d u c t  c o n s i s t e d  o f  a da rk  r e d d i s h  brown o i l  
which c o u ld  n o t  be induced t o  c r y s t a l l i s e .  I t  c o n ta in e d  
approximate ly  9$  c h l o r i n e .  A f t e r  s t a n d in g  some days t h e  
o i l  t u r n e d  t o  a  g re e n  c o l o u r ,  h y d r o c h l o r i c  a c i d  be in g  e vo lved ,  
showing t h a t  d e c o m p o s i t io n  had t a k e n  p l a c e .
(b ) B y - O x a l lc  A c id .
o t -C aryophy l lene  a l c o h o l  (10 g . )  was mixed w i t h  anhydrous 
o x a l ic  a c i d  (10 g . )  and kep t  f o r  4 days a t  150- l 60°Q. At 
the  end o f  t h a t  t im e  t h e  p ro d u c t  was d i s t i l l e d  i n  steam. A 
y e l lo w is h  o i l  s i m i l a r  t o  t h a t  o b ta in e d  by th e  p r e v i o u s  
method o f  d e h y d r a t io n  r e s u l t e d  and a f t e r  d i s t i l l a t i o n  in  
vacuo showed t h e  f o l lo w in g  c o n s t a n t s :
B . P . 116-122/12 m.ra., d^ . 93°8 ^  1 *4950.
M o le c u la r  R e f r a c t i v i t y  64*1 
.1139 g .  gave .3656 g .  C02 and . I I 8 3  g° H20 . 
C a lc u la t e d  f o r
C15H24
88.23
11.70
Round
H
C 87*6
11.57
W hen/
26
When t r e a t e d  w i t h  h y d r o c h l o r i c  a c i d  as d e s c r ib e d  b e f o r e ,  
t h i s  o i l  y i e l d e d  a  p roduc t  s i m i l a r  i n  a l l  r e s p e c t s  t o  t h a t  
o b t a i n e d  from t h e  o i l  from t h e  phosphorus  p e n to x id e  d e h y d r a t io n .  
There  i s  l i t t l e  doubt  t h a t  t h e s e  two d e h y d r a t io n  p r o d u c t s  a re  
i d e n t i c a l .
T rea tm en t  o f  <■- Gary o p h y l lene  A lcohol  w i t  h  Phosphorus  P e n t a - c h l o r i d e .
V igorous  r e a c t i o n  t o o k  p l a c e  when t h e  a l c o h o l  was 
hea ted  w i t h  phosphorus  p e n t a o h l o r i d e , h y d r o c h l o r i c  a c i d  fumes 
be ing  e v o lv e d .  The p ro d u c t  c o n s i s t e d  e n t i r e l y  o f  a  r e s i n o u s  
o i l ,  from which i t  appeared  t h a t  t h e  r e a c t i o n  had been  too  
v i o l e n t .  To a v o id  t h i s ,  t h e  e t - a lc o h o l  was d i s s o l v e d  in  
carbon t e t r a c h l o r i d e  and t r e a t e d  a t  t h e  o rd in a ry  t e m p e r a tu re  
with  phosphorus  p e n t a c h l o r i d e  suspended i n  the  same s o l v e n t .
The t e t r a c h l o r i d e  s o l u t i o n  was su b seq u e n t ly  washed w i t h  d i l u t e  
ammonia and w i t h  w a t e r .  On removal o f  t h e  s o lv e n t  an o i l  
was o b ta in e d  which c o n ta in e d  no c h l o r i n e ,  and appeared  t o  be 
s i m i l a r  t o  t h e  d e h y d r a t io n  p r o d u c t s  o f  o t -ca ryophy l lene  a l c o h o l ,  
but  t h e  q u a n t i t y  d id  n o t  pe rm i t  i t s  e x am in a t io n .
I n v e s t i g a t i o n  o f  t h e  Mother L iq u o r s  from P r e p a r a t i o n  o f  
Garyophyllene  D i h y d r o c h l o r i d e .
The mother  l i q u o r  from th e  p r e p a r a t i o n  o f  c a ry o p h y l le n e  
d ih y d r o c h lo r id e  was a  mobile  o i l -  a lm os t  b l a c k ,  and sm e l l i n g  
s t r o n g l y  o f  h y d r o c h l o r i c  a c id .  As much a s  p o s s i b l e  o f  the  
d i h y d r o c h l o r id e  had been removed by c o o l i n g  t h e  l i q u o r  t o  
0°C. A sample was kep t  f o r  72 hours  i n  a  vacuum d e s i c c a t o r  
c o n t a i n i n g  c a u s t i c  soda .  At t h e  end of  t h a t  t ime t h e r e  was 
no t r a c e  o f  acid  fumes from t h e  l i q u o r ,  y e t  a n a l y s i s  showed 
t h e  c h l o r i n e  c o n te n t  t o  be 20. 1^ .  T h is  o i l  was t h e n  shaken 
r e p e a t e d l y  w i th  d i l u t e  sodium b i c a r b o n a te  s o l u t i o n  t o  remove 
any d i s s o l v e d  h y d r o c h lo r i c  a c i d .  I t  was f i n a l l y  washed w i th  
w a te r  and e x t r a c t e d  w i t h  e t h e r .  The s o lv e n t  was removed at  
t h e /
t h e  o r d i n a r y  t e m p e r a t u r e .  At t h i s  s t a g e  the  p ro d u c t  was a 
c l e a r  ye l low -brow n  o i l  c o n t a i n i n g  1 9 .1 7 ^  c h l o r i n e .  I t  was 
kep t  f o r  4 days  a t  - 1 0 ° C . , and d u r in g  t h a t  t im e  a sm al l  
q u a n t i t y  o f  t h e  s o l i d  d i h y d r o c h l o r id e  c r y s t a l l i s e d  o u t ,  and 
was f i l t e r e d  o f f  i n  a  Buchner fu n n e l  su r rounded  by a 
f r e e z i n g  m ix t u r e .  The f i l t r a t e  c o n t a i n e d  lQ.Ql% o h l o r i n e .
A r e p e t i t i o n  o f  t h i s  p r o c e s s  y i e l d e d  an  o i l  c o n t a i n i n g  
18 .4$  c h l o r i n e .
Gi5H26C1 2 r e q u i r e s  G1 = 2b>l%, and  C-^HgtjGl r e q u i r e s  
Cl = 1 4 *6/ t ,  henoe t h e  c o n c l u s i o n  was formed t h a t  t h e  o i l  
c o n s i s t e d  o f  a l i q u i d  monohydrochlor ide  G15H25CI, t o g e t h e r  
with  some d i s s o l v e d  d i h y d r o c h l o r i d e .  T h is  was su pp o r ted  
by t h e  f a c t  t h a t  a  s a t u r a t e d  s o l u t i o n  o f  t h e  s o l i d  d ih y d ro -  
o h lo r id e  in  c a r y o p h y l le n e  o r  in  c lovene  a t  0°C. c o n t a i n s  
only 6 .8% c h l o r i n e .
I t  was found im p o ss ib le  t o  o b t a i n  a  pu re  specimen of  
t h i s  l i q u i d  monohydrochlor ide  by d i s t i l l a t i o n  under  reduced 
p re s su re  o f  t h e  mother l i q u o r s  r e f e r r e d  t o  above.  Decompos­
i t i o n  t o o k  p l a c e  (as  shown by t h e  l i b e r a t i o n  o f  h y d r o c h lo r i c  
ac id )  and t h e  c h l o r i n e  c o n te n t  o f  th e  r e s u l t i n g  o i l s  v a r i e d  
from
S i m i l a r  r e s u l t s  were o b t a in e d  on s t e a m - d i s t  i l l a t i o n .
Treatment  o f  t h e  L iq u id  H.vdroohlorlde w i th  Sodium M ethox ide .
The o i l y  l i q u i d  h y d r o c h lo r id e  (16 g . )  was added t o  
150 c c .  o f  c o n c e n t r a t e d  sodium methoxide s o l u t i o n  and a l lowed 
t o  s t a n d  a t  t h e  o r d in a ry  t e m p e ra tu re  f o r  s e v e r a l  day s .  The 
t e m p e r a tu re  was t h e n  r a i s e d  by 5- 1 0 ° each  day t i l l  60° was 
rea c h e d ,  where i t  was m a in ta in ed  f o r  2 days.  The s o l u t i o n  
was poured i n t o  w a t e r ,  e x t r a c t e d  w i th  e t h e r ,  and a f t e r  
removing t h e  d r i e d  s o l v e n t ,  th e  r e s u l t i n g  o i l  d i s t i l l e d  in 
vacuo.  F o r  compar ison  a t e s t  was o a r r i e d  out s imultaneously-  
u s ing  th e  s o l i d  ( d i c y c l i o )  d i h y d r o c h lo r id e .
The/
The p r o d u c t s  had  t h e  f o l lo w in g  c o n s t a n t s :
1 . From L iq u id
H y d ro c h lo r id e  I 3 8 - I 4 4
2 . From s o l i d
D ih y d ro -  132-128 .9142 I . 5 0 0 5  65 .66
c h l o r i d e
C o n s i d e r a t i o n  o f  t h e  m o le c u la r  r e f r a c t i v i t  i e s  ( l a s t  
column) showed t h a t  t h e  o i l  from t h e  d i h y d r o c h l o r id e  was 
l a r g e l y  d i o y c l i c . w h i l e  t h a t  from t h e  l i q u i d  monohydro­
c h l o r i d e  was t r i c y c l i c . t h u s  i n d i c a t i n g  t h e  t r i c y c l i c  
n a t u r e  o f  t h e  m o n o h y d roch lo r ide .
On a n a l y s i s  o f  t h e  o i l  from t h e  m onohydroch lo r ide ,  
.1253 g .  gave .4064  g. COg and .1307 g» H2O.
P r e p a r a t i o n  o f  Hydroxyl D e r i v a t i v e s  from t h e  L iq u id  Mono­
h y d r o c h lo r id e  .
T rea tm en t  o f  t h e  l i q u i d  m onohydrochlor ide  i n  e t h e r  
w i th  m o is t  s i l v e r  oxide proved  o f  no v a lu e ,  as  a f t e r  
s t a n d i n g  5 days a t  30-35°C. t h e  h y d r o c h lo r id e  was r ec o v e re d  
unchanged. B e t t e r  r e s u l t s  were o b ta in e d  u s in g  s i l v e r  
a c e t a t e .
The m onohydrochlor ide  (70 g . )  was d i s s o l v e d  i n  a 
s l i g h t  e x c e s s  o f  g l a c i a l  a c e t i c  a c i d  and f i n e l y - d i v i d e d  
s i l v e r  a c e t a t e  (60 g« ) added i n  sm a l l  q u a n t i t i e s ;  t h e  
a d d i t i o n  o f  t h e  s i l v e r  a o e t a t e  occupied  about  6 hours .
Shalting promoted t h e  r e a c t i o n .  The r e a c t i o n  m ix tu re  was 
t h e n  warmed on t h e  w a t e r - b a t h  a t  50-160°0.  f o r  3 h o u rs  to  
com ple te  t h e  r e a c t i o n .  The p r e c i p i t a t e d  s i l v e r  c h l o r i d e  
was f i l t e r e d  o f f  a f t e r  o o o l in g ,  and t h e  a c e t i c  ac id  
n e u t r a l i s e d /
C a lc u la t e d  fo r
C15H24 Found
H
C 88.23
11 .70
88.05 
11.59
n e u t r a l i s e d  w i t h  sodium c a r b o n a t e .  The heavy o i l  t h u s  
l i b e r a t e d  was e x t r a c t e d  w i th  e t h e r ,  and, on removal o f  t h e  
s o l v e n t ,  was o b t a i n e d  a s  a r a t h e r  v i s c o u s  red -brow n o i l .
I t  p ro b ab ly  c o n s i s t e d  o f  a  m ix tu re  o f  a c e t a t e s ,  and was 
t h e r e f o r e  h y d r o ly s e d  by b o i l i n g  und e r  r e f l u x  f o r  1 hour  
w i t h  d i l u t e  {10%) m e t h y l - a l c o h o l i c  c a u s t i c  p o t a s h .  The 
c a u s t i c  a l k a l i  was n e u t r a l i s e d  by s a t u r a t i n g  t h e  s o l u t i o n  
w i t h  c a rb o n  d i o x i d e .  The s o l u t i o n  was t h e n  d i l u t e d  w i th  
an e q u a l  volume o f  w a te r ,  and the  m ethyl  a l c o h o l  d i s t i l l e d  
o f f  on t h e  w a t e r - b a t h .  The r e s i d u e  was steam d i s t i l l e d ,  
y i e l d i n g  as  t h e  steam v o l a t i l e  p o r t i o n  a y e l l o w i s h  o i l .
The r e s i d u e  from t h e  steam d i s t i l l a t i o n  y i e l d e d  a sm all  
amount o f  a  s o l i d  which was shown t o  be t h e  g l y c o l  o b ta in e d  
by Henderson,  R o b e r t so n  and Kerr  ( l o c . c i t . )  by t r e a tm e n t  
of  ca ry o p h y l le n e  d i h y d r o c h l o r id e  w i th  s i l v e r  a c e t a t e .
(M.P. and mixed M.P. 173°)  •
On r e p e a t e d  f r a c t i o n a t i o n  u n d e r  reduced  p r e s s u r e ,  t h e  
s t e a m - v o l a t i l e  o i l  was s e p a r a t e d  i n t o  two main f r a c t i o n s :
(a) 118 -  124/10  num. and (b) 146 -  154/10 num.
F r a c t i o n  (a)  was su s p e c te d  o f  be in g  r e g e n e r a t e d  c lovene  
and e x a m in a t io n  o f  i t s  p h y s i c a l  c o n s t a n t s  confi rm ed  t h i s :  
dl® .9276 ,  n1/  1 .4 99 2 ,  Rl 6 4 .6 ,  ( c a l c u l a t e d  f o r  a t r i c y c l i c  
s e s q u i t e r p e n e  64*4)
.1151  g .  gave .3656 g .  C0 2 and .1164 g* H20 .
C a l c u l a t e d  f o r
C15H24 Found
C 88 .23  86*6
H 1 1 .7  11,2
The low r e s u l t  f o r  carbon was p robably  due t o  
in co m p le te  s e p a r a t i o n  o f  t h e  two f r a c t i o n s ,  f u r t h e r ,  
Henderson,  R o b e r tson  and K e r r  o b ta in e d  i n  t h e i r  work on 
c a r y o p h y l l e n e  d i h y d r o c h l o r id e  a l i q u i d  d i o y c l l o a l c o h o l ,  
and /
and  the  p r e s e n c e  o f  a  sm a l l  q u a n t i t y  o f  t h i s ,  due t o  
some d i h y d r o c h l o r i d e  p r e s e n t  in  t h e  o r i g i n a l  l i q u i d  
m on o hy d ro ch lo r id e  would i n c r e a s e  t h e  d i f f i c u l t y  o f  
s e p a r a t  io n .
F r a c t i o n  (b) r e a c t e d  slowly w i t h  m e t a l l i c  sodium 
and t h e r e f o r e  appea red  t o  be an  a l c o h o l .  I t  had t h e  
f o l l o w i n g  c o n s t a n t s :  d j  .9934 n j  1 .5039 ,  R u 6 6 .1 5  
( c a l c u l a t e d  f o r  a  t r i c y c l i c  s e s q u i t e r p e n e  a l c o h o l  6 6 . 4 ) .  
On a n a l y s i s  t h e  fo l lo w in g  r e s u l t s  were o b t a in e d :
.1126 g .  gave .3380 g .  C0 2 and .1159 g .  H20 .
C a l c u l a t e d  fo r
g15h 26°  g 15h 24° Found
C 8 1 .1  8 1 .8  81 .8
H 1 1 .7  1 0 .9  1 1 .5
The f a c t  t h a t  t h e  a n a l y s i s  o f  f r a c t i o n  (a)  i n d i c a t e d  
incom ple te  s e p a r a t i o n  o f  the  two f r a c t i o n s  shows t h e  
form ula  C ^ I ^ O  t o  be t h e  more l i k e l y  f o r  t h i s  a l c o h o l .
The a lo o h o l  was s a t u r a t e d  tow ards  bromine in  
c h lo r o f o r m  and t h i s ,  t o g e t h e r  w i th  the  v a lu e  o b ta in e d  fo r  
t h e  m o le c u l a r  r e f r a e t i v i t y  c l e a r l y  i n d i c a t e s  i t s  t r i c y c l i c  
n a t u r e .  I t  gave no s o l i d  phenyl  u re th a n e  when t r e a t e d  
w i th  p h e n y lc a r b im id e , and no e s t e r  was o b ta in e d  w i th  
f j -n i t ro b e n z o y l  c h l o r i d e ;  i t  would t h e r e f o r e  a p p ea r  t o  be 
a  t e r t i a r y  a l c o h o l .
T h i s  a l c o h o l  i s  t h e r e f o r e  a  new isom er  o f  t*-and p-  
c a r y o p h y l l e n e  a l c o h o l s .
The a l c o h o l  (3 g . )  was dehydra ted  w i th  phosphor io  
oxide  by t h e  method d e s c r i b e d  f o r  c a ry o p h y l le n e  a lc o h o l  
(p .**.) .
The p r o d u c t ,  worked up in  th e  u s u a l  way appeared  from 
p h y s i c a l  p r o p e r t i e s  t o  be i d e n t i c a l  w i t h  c lov en e .
d'J .9250 n'J 1 .5004  6 4 .8
.1 0 7 8 /
.1078  g .  gave .3505 g .  CO2 and .1132 g .  H20. 
C a l c u l a t e d  f o r
C
H
g 15h 24
88.23
11 .70 11.66
88.6
Found
P r e p a r a t i o n  o f  Hydroxyl D e r iv a t iv e  o f  C lo v en e .
The c lo v en e  was p re p a re d  from (3- ca:^y o p h y l len e  a l c o h o l  
by d e h y d r a t i o n  w i t h  phosphorus  p e n to x id e  by t h e  method 
d e s c r i b e d  f o r  c t - c a r y o p h y l l e n e  a l c o h o l  ( p . 14.). I t  was 
f r e e d  from i s o - c lo v e n e  by f r a c t i o n a l  d i s t i l l a t i o n ,  t h e  
p o r t i o n  used  hav ing  B .P .  114 -  120/ l l  m< m.
The o i l  was d i s s o l v e d  i n  tw ic e  i t s  volume o f  anhydrous 
e t h e r ,  c o o le d  t o  0°C and s a t u r a t e d  w i t h  dry hydrogen 
c h lo r i d e .  A f t e r  s t a n d i n g  f o r  24 h o u r s ,  t h e  e t h e r  was 
removed a t  t h e  o r d in a r y  t e m p e r a t u r e .  The r e s u l t i n g  o i l  
was p u r i f i e d  by washing w i t h  d i l u t e  sodium b ic a r b o n a te  
s o l u t i o n  and w i th  w a t e r .  I t  t h e n  c o n ta in e d  12*4$  c h l o r i n e  
( C ^ H ^ C l  r e q u i r e s  1 4 *6$  Cl) and in  appearance  resem bled  
t h e  l i q u i d  m onohydroch lo r ide  p r e v i o u s ly  d e s c r ib e d .
T h i s  c lo v e n e  h y d r o c h l o r i d e  (20 g . )  was t r e a t e d  w i th  
s i l v e r  a c e t a t e  (16 g . )  i n  e x a c t l y  t h e  same way as  t h e  
l i q u i d  m o n o h y d ro ch lo r id e ,  t h e  p r o d u c t s  b e in g  worked up in  
a  s i m i l a r  manner.
The steam v o l a t i l e  o i l  was f r a c t i o n a t e d  i n t o  two 
p o r t i o n s  c o r r e s p o n d i n g  t o  t i e  f r a c t i o n s  p r e v i o u s ly  o b t a in e d .  
I n  t h i s  c a s e  t h e  l i g h t e r  f r a c t i o n  c o n s t i t u t e d  abou t  t h r e e -  
q u a r t e r s  of  t h e  t o t a l  p r o d u c t ,  and i t s  c o n s t a n t s  showed i t  
t o  be r e g e n e r a t e d  c lo v e n e :  B.P* 118 — 126/10 mom. d^ .9290
I .4 9 9 7  Hu 6 4 - 57-
.1109 g* gave .3568 g .  C02 and .1156 g .  H20 
C a l c u l a t e d  f o r
c*-. r i .  Found° 15H24
88.23C ,1 8 7 .7
A sm a l l  amount o f  an o i l  r e s e m b l in g  t h e  a l c o h o l  
p r e v i o u s l y  d e s c r i b e d  was o b t a in e d  a s  t h e  h i g h e r  f r a c t i o n .
I t  had t h e  f o l lo w in g  c o n s t a n t s :  B .P .  140 -  150/10 .
d'J .9860  n j  I . 5 0 I O  6 6 .5
.1012  g .  gave .3064  g .  C0 2 and .1047 g .  HgO 
C a l c u l a t e d  f o r
c 15h 26°  Pound
C 8 1 .1  82.6
H I I . 7  1 1 .5
T h i s ,  t h e r e f o r e ,  i n d i c a t e s  t h e  p re s e n c e  o f  t h e  t r i c y c l i c  
s a t u r a t e d  a l c o h o l  p r e v i o u s l y  o b t a i n e d  from t h e  o r i g i n a l  
l i q u i d  m onohydroch lo r ide  from t h e  d i h y d r o c h l o r id e  mother  
l i q u o r s .
Hydrogenation  o f  C lo ven e .
Clovene (5 g . )  p r e p a r e d  from ( J - c a ry o p h y l l e n e  a l c o h o l  
by d e h y d r a t io n  w i th  phosphorus  p e n to x id e  was d i s s o l v e d  in  
p u r i f i e d  m e th y l  a l c o h o l  (150 c c )  and p a l l a d i n i s e d  a s b e s t o s  
C. 05 g» P&) added. Hydrogen g e n er a te d  from z in c  and 
s u l p h u r i c  a c i d  and p u r i f i e d  by p a s s i n g  th r o u g h  po tass ium  
perm anganate ,  c a u s t i c  p o t a s h ,  s i l v e r  n i t r a t e ,  and w a te r ,  
was p a s s e d  i n t o  t h e  r e d u c t i o n  m ix tu re  a t  s l i g h t l y  g r e a t e r  
t h a n  a tm o sp h e r ic  p r e s s u r e .  A b so rp t io n  to o k  p la c e  r a p i d l y  
a t  f i r s t ,  t h e  r a t e  f a l l i n g  o f f  a s  t h e  r e a c t i o n  n e a red  
c o m p le t io n .  The t o t a l  hydrogen  a b s o r p t i o n  was about  510 cc ,  
t h e  t h e o r e t i c a l  a b s o r p t i o n  assuming c lo v e n e  t o  have one 
double  bond, b e in g  550 cc .
The c a t a l y s t  was removed by f i l t r a t i o n  th r o u g h  a  Gooch 
c r u c i b l e  and the  m ethyl  a l c o h o l  d i s t i l l e d  o f f  on t h e  w a te r— 
b a t h .  The o i l  was t h e n  th o ro u g h ly  d r i e d  by d i s s o l v i n g  in  
anhydrous  e t h e r  and add in g  anhydrous sodium s u l p h a t e .  A f t e r  
removal  o f  t h e  e t h e r  t h e  p ro d u c t  was d i s t i l l e d  under  reduced  
p r e s s u r e /
p r e s s u r e .  B .P .  121 -  124/11  m.m.
.1427  g .  gave .4599  S* C0 2 and .1554  g .  H20 
C a l c u l a t e d  f o r
g 15h 24 Q15H26 Found
a 8 8 .2 3 87*4 87-9
H 1 1 .7 12.6 12 .2
The c a t a l y s t  f o r  th e  above r e d u o t i o n  was p r e p a r e d  by 
th e  f o l l o w i n g  method. P a l la d iu m  ( .0 5  g . )  was d i s s o l v e d  
in  aqua  r e g i a  and t h e  n i t r i c  a c id  removed by s u c c e s s iv e  
e v a p o r a t i o n s  t o  sm a l l  b u lk  w i th  c o n c e n t r a t e d  h y d r o c h l o r i c  
p c id .  F in e ly  d i v i d e d  a s b e s t o s  was added t o  t h e  s o l u t i o n  
and t h e n  e x c e s s  o f  formaldehyde .  The s o l u t i o n  was made 
s t r o n g ly  a l k a l i n e  w i t h  c a u s t i c  soda and tw ic e  r a i s e d  t o  th e  
b o i l i n g  p o i n t ,  t h e  p a l l a d iu m  b l a c k  b e in g  p r e c i p i t a t e d  on 
th e  a s b e s t o s  on h e a t i n g .  The p a l l a d i n i s e d  a s b e s t o s  was 
f i l t e r e d  o f f ,  washed t i l l  f r e e  from a l k a l i ,  and d r i e d  i n  a 
d e s i c c a t o r .
Comparative  O x i d a t i o n s  of  d- and |2- Qaiwophyllene A lcoho ls  
w i t h  Beckmann's  Chromic Acid M i x t u r e .
The Chromic Acid M ix tu re  was made up u s in g  t h e  
f o l lo w in g  p r o p o r t i o n s :  60 g .  p o ta s s iu m  d ich rom ate  (1 m o l . ) ,
80 g .  eonc .  s u l p h u r i c  a o id  ( 4 m o l s . )  27( g) w a te r .
100 g .  o f  t h i s  s o l u t i o n  i s  e q u i v a l e n t  t o  2 .4  g .  a c t i v e  
oxygen.
(a) O x i d a t i o n  o f  C a ryophy l lene  A lcohol .
| l - C a r y o p h y l l e n e  a l c o h o l  (10 g . ) was d i s s o l v e d  i n  g l a c i a l  
a c e t i c  a c i d  (150 cc)  and 100 cc o f  Beckmann’ s Chromic Acid 
Mixture  added.  The whole was t h e n  kep t  a t  60~70°C f o r  
55-40 h o u r s .  At the  end o f  t h a t  t im e  t h e  m ix tu re  was g ree n ,  
o x id a t io n  hav ing  p ro ceeded  s low ly .  The a c e t i c  a c i d  was 
t h e n  d i s t i l l e d  o f f  on t h e  w a t e r - b a t h  under  reduced  p r e s s u r e .  
The r e s id u e  was e x t r a c t e d  r e p e a t e d l y  w i th  e t h e r ,  u n t i l  t h e  
e t h e r  removed no more o i l ,  as  shown by e v a p o r a t i o n  o f  a  sm al l  
q u a n t i t y  o f  th e  e t h e r e a l  l a y e r .  The b u lk  o f  the  e t h e r  was 
th e n  d i s t i l l e d  o f f  and t h e  p ro d u c t  e x t r a c t e d  s e v e r a l  t im e s  
w i th  sodium c a r b o n a t e  s o l u t i o n .  The sodium c a r b o n a te  l i q u o r s  
were c a r e f u l l y  f r e e d  from any m ec h an ica l ly  h e ld  n e u t r a l  
p roduct  by e x t r a c t i o n  w i th  e t h e r .
On rem ova l  o f  the  e t h e r ,  t h e  n e u t r a l  p ro d u c t  s o l i d i f i e d  
and was shown t o  c o n s i s t  o f  unchanged jl- c a ry o p h y l le n e  a l c o h o l  
(Recovered -  5 g. a p p r o x . ) .
- The a c i d  p r o d u c t s  of  the  o x i d a t i o n  were o b t a in e d  in  t h e  
form o f  a  v i s c o u s  o i l  by a c i d i f i c a t i o n  of' th e  sodium c a rb o n a te  
e x t r a c t .  I n  s e v e r a l  e x p e r im e n ts  i t  was found t h a t  t h e  a c id  
o i l  was g re e n  due t o  t h e  p r e s e n c e  o f  some chromium compound.
I t  was p o s s i b l e ,  however,  t o  f r e e  t h e  a c i d s  from chromium by 
d i s s o l v i n g  in  c a u s t i c  soda s o l u t i o n  and r e p r e c i p i t a t i n g  a f t e r  
f i l t r a t i o n .
The a c i d  p ro d u c t  was n o t  o b ta in e d  c r y s t a l l i n e .  When 
f r e e d /
f r e e d  from chromium and n e u t r a l  p r o d u c t s  by c o n v e r s i o n  
i n t o  t h e  sodium s a l t ,  as  above,  i t  was o b t a i n e d  in  t h e  
form o f  a  v i s c o u s  o i ly  a c i d .  I t  was a lm ost  c o l o u r l e s s .
F o r  f u r t h e r  p u r i f i c a t i o n  t h e  a c id  was c o n v e r t e d  i n t o  
t h e  m e thy l  e s t e r .  T h is  was p r e p a r e d  from th e  s i l v e r  s a l t
o f  the  a c id  by t h e  f o l lo w in g  method.  The a c i d  was
d i s s o l v e d  i n  d i l u t e  aqueous ammonia and t h e  s o l u t i o n  
b o i l e d  u n t i l  n e u t r a l .  To t h i s  s o l u t i o n  o f  t h e  ammonium 
s a l t  a  s l i g h t  e x c e s s  o f  aqueous s i l v e r  n i t r a t e  was added.  
A f t e r  c o o l i n g ,  t h e  p r e c i p i t a t e d  s i l v e r  s a l t  was f i l t e r e d  
o f f ,  washed and d r i e d .
A n a l y s i s  o f  th e  s i l v e r  s a l t  i n d i o a t e d  t h a t  t h e  a c id  
o x i d a t i o n  p ro d u c t  c o n s i s t e d  l a r g e l y  o f  a  mono-basio a c i d .
.2915 g .  s a l t  gave on i g n i t i o n  .1070 g. s i l v e r .
M o le cu la r  Weight 
o f  Acid
Monobasic 187
D ib a s ic  374
The p r o d u c t i o n  o f  a  d i b a s i c  a c id  of  suoh a h ig h  
m o le c u l a r  weight  (374) i s  v e ry  improbable  a s  i t  means 
t h a t  f o r  i t s  product ion*,  two p a r t i a l l y  degraded s e s q u i t e r ­
pene m o le c u le s  must combine.
P r e p a r a t i o n  o f  Methyl  E s t e r .
The d r i e d  s i l v e r  s a l t  (25 g . )  was mixed w i t h  anhydrous 
e t h e r  and an  e q u a l  weight  (25 g») o f  m ethy l  io d id e  added,  
i n  sm a l l  q u a n t i t i e s .  The r e a c t i o n  to o k  p l a c e  smoothly, 
s i l v e r  i o d id e  b e in g  p r e c i p i t a t e d .  A f t e r  t h e  a d d i t i o n  of  
a l l  t h e  m ethy l  io d id e  t h e  m ix tu r e  was b o i l e d  under  r e f l u x  
f o r  2-& h o u rs  t o  com ple te  t h e  r e a o t i o n .  I t  was th en  
d i l u t e d  w i th  more e t h e r  and the  s i l v e r  i o d id e  f i l t e r e d  o f f .  
The e t h e r  and e x c e s s  methyl  i o d id e  were removed by 
d i s t i l l a t i o n .  The r e s u l t i n g  e s t e r  was d i s t i l l e d  under  
reduced  p r e s s u r e .  The main bu lk  d i s t i l l e d  o v e r  a t  
I65  -  130 / 1 0  num.
J6.
The d i s t i l l e d  e s t e r  on h y d r o l y s i s  w i t h  m ethyl  
a l c o h o l i c  p o t a s h  gave once more a  l i q u i d  a c i d  s i m i l a r  
t o  t h e  o r i g i n a l  c ru d e  a c id .
A n a l y s i s  o f  m ethy l  e s t e r :
.1474  g .  o i l  gave .3661 g .  002 and .0984 g .  H20.
C a lc u la t e d  f o r
G11H15°3 Found
G 6 7 .7  67 .8
H 7 . 7  7 .41
The c l o s e  agreement o f  t h e s e  r e s u l t s  may be p u r e ly  
a d v e n t i t i o u s  a s  t h e  e s t e r  may be a  m ix tu re  o f  d i f f i c u l t l y  
s e p a r a b l e  e s t e r s .
Ho c r y s t a l l i n e  sem i-carbazone  was o b t a in e d  by t h e  
a c t io n  o f  s e m i - c a r b a z id e  a o e t a t e ,  n o r  d id  t r e a tm e n t  with 
^ - n i t r o - b e n z o y l  c h l o r i d e  y i e l d  a  s o l i d  f a - n i t r o - b e n z o a t e .
The above fo rm ula  G-q H-^O^ f o r  th e  methyl  e s t e r  t h u s  
g iv e s  Ci q II1303 a s  t h e  fo rm ula  o f  t h e  a c i d .
(b) O x i d a t i o n  o f  c t -C aryophyl lene  Alcoho l .
<*-C a ry op h y l lene  a l o o h o l  (10 g .) was s u b j e c t e d  t o  
o x i d a t i o n  by means o f  Beehmann's Chromic Acid M ixture  under 
e x a c t l y  t h e  same c o n d i t i o n s  a s  d e s c r i b e d  f o r  t h e  (2-alcohol
( p  •  S if. )  •
O x id a t io n  ap pea red  t o  t a k e  p l a c e  more r a p i d l y  t h a n  in  
th e  c a s e  o f  t h e  (3- a l c o h o l .
The p ro d u c t  was worked up i n  t h e  u s u a l  manner, v i z .  
t h e  a c e t i c  a c i d  d i s t i l l e d  o f f  under  reduced  p r e s s u r e ,  and 
t h e  r e s i d u e  r e p e a t e d ly  e x t r a c t e d  w i th  e t h e r .  The a c i d  
p r o d u c t s  were removed by sodium c a r b o n a te  s o l u t i o n ,  and 
on a c i d i f i c a t i o n  were o b t a i n e d  i n  t h e  form o f  a  w hi te  
c r y s t a l l i n e  s o l i d .  A f u r t h e r  q u a n t i t y  o f  t h e  same a c i d  
was o b t a i n e d  by b o i l i n g  t h e  n e u t r a l  p r o d u c t s  w i th  aqueous 
c a u s t i c  soda;  i n  t h i s  way any a c id  p r e s e n t  a s  an  anhydride  
c o u l d /
co u ld  be e x t r a c t e d .  T o t a l  y i e l d  o f  a c id  4 S*
The a c i d  p ro d u c t  was r e c r y s t a l l i s e d  from e t h y l  a l c o h o l  
and t h e r e a f t e r  i t  m e l ted  sha rp ly  a t  187°C. When h e a te d  
above i t s  m e l t i n g  p o i n t  i t  l o s t  the  e lem en ts  o f  w a t e r  forming 
an a n h y d r id e .  The anhydride  was r e c r y s t a l l i s e d  from 
p e t ro le u m  e t h e r ,  i n  which t h e  a c i d  was i n s o l u b l e .  M.P. o f  
anhydr ide  49»5°G*
Mixed m e l t i n g  p o i n t  d e t e r m i n a t i o n s  on t h e  a c i d  a long  
w i th  c lo v e n e  d i c a r b o x y l i c  a c id  and on th e  anhy d r id e
mixed w i t h  t h e  an h y d r id e  o f  c lo v en e  d i c a r b o x y l i c  a c i d ,  
showed no d e p r e s s io n .
I t  i s  no tew orthy  t h a t  no ot- c a ry o p h y l le n e  a l c o h o l  was 
recovered  from t h e  o x i d a t i o n ,  t h e  only n e u t r a l  p roduot  be in g  
a sm al l  q u a n t i t y  o f  an  o i l  which appeared  to  be a  hydrocarbon  
but the  q u a n t i t y  o b t a i n e d  d id  not  pe rm it  f u r t h e r  e x am in a t ion .
m a l t r e a t m e n t  o f  Gedrene w i th  yIe rour io  Aceta t e .
(a) H i s t o r i c a l  and T h e o r e t i c a l .
Cedar-wood o i l  from t h e  wood o f  V i r g i n i a n  J u n i p e r
c o n s i s t s  t o  a  l a r g e  e x t e n t  o f  t h e  s e s q u i t e r p e n e  Cedrene .
Compounds c o n t a i n i n g  oxygen a re  a l s o  found i n  sm a l l  q u a n t i t i e s
the  b e s t  known b e in g  c e d r o l  C ^ ^ g O ,  o f t e n  r e f e r r e d  t o  as
" ce d a r  camphor" .
P r a c t i c a l l y  n o th in g  c e r t a i n  i s  known r e g a r d i n g  the
s t r u c t u r e  o f  c ed re n e  and i t s  r e l a t e d  compounds. A p p l i c a t i o n
of R u z i c k a ' s  method o f  dehydrog en a t ion  w i th  s u lp h u r  y i e l d e d
no n a p h th a le n e  d e r i v a t i v e ,  complete  d i s r u p t i o n  o f  t h e  m olecule
( 18)
having a p p a r e n t l y  t a k e n  p l a c e .
(19)
The e a r l i e r  i n v e s t i g a t o r s  found t h a t  t h e  d e n s i t y  and
re f ra c t iv fc  . in d ex  i n d i o a t e d  t h a t  ced rene  be longed  t o  t h e
c lass  o f  t r i c y c l i c  s e s q u i t e r p e n e s .
When t r e a t e d  w i th  h y d r o c h lo r i c  a c i d ,  ced rene  gave no
( 2 0 )
d e f i n i t e  p ro d u c t  b u t  an  o i l  was o b ta in e d  which might have
been a m onohydroch lo r ide .
Such i n v e s t i g a t i o n s  a s  have been o a r r i e d  out have
proceeded  a lo n g  t h e  l i n e s  o f  o x i d a t i o n .  By o x i d a t i o n  w i th
( 21 )
chromic a c i d  R ousse t  c o n v e r t e d  c ed ren e  i n t o  a  ke tone cedrone
g15h24°» which gave iodoform on t r e a tm e n t  w i th  sodium
hypobromite  and p o ta s s iu m  i o d id e ,  whereby he concluded  th e
p re s e n c e  o f  a  -COCHz group .
( 2 2 )
Semmler in  o x i d i s i n g  cedrene  w i th  p o ta s s iu m  perman­
g a n a te  o b t a i n e d  a s  c h i e f  p r o d u c t s  a w e l l - d e f i n e d  c r y s t a l l i n e  
g l y c o l  C15H26O2 and a  k e t o - a c i d  O15H24O3, t h e  l a t t e r  
y i e l d i n g  on f u r t h e r  o x i d a t i o n  c ed re n e  d ic a rb o n ic  a c i d  C14322O4. 
In  r e p e a t i n g  R o u s s e t ' s  work, Semmler found t h e  com pos i t ion  
o f  t h e  k e to n e  ced rone  t o  be t h i s  compound on
r e d u c t i o n  g i v i n g  an  a l c o h o l ,  d i h y d r o - i s o c e d r o l  C-^HggO.
From t h i s  Semmler co n c lu ded  t h a t  the  double bond in  cedrone 
must be in  t h e  neighbourhood o f  t h e  k e to n i c  group.
He t h e r e f o r e  assumed t h a t  t h e  cedrene  m olecu le  must 
c o n t a i n  t h e  g ro u p in g  I  and sugges ted  t h e  p a r t i a l  formulae  
I I ,  I I I  and XV, f o r  cedrene g l y c o l ,  ced rene  k e t o - a c i d  and 
cedrene  d i c a r b o n i c  a c id .
\ /  i
CH  C HY
C H ,
\  ✓ I
C C H . O H
\  /
C OH
i
C H  j  
1L.
\  /  c
\
\
C O O H
C O
I
c h 3
¥.
V
I
C O O H
I
COOH
(23)
O x id a t i o n s  o f  ced rene  by Deussen w i th  manganese d io x id e  
and s u l p h u r i c  a c i d  y i e l d e d  b e s i d e s  sm al l  q u a n t i t i e s  o f  c ed ren e  
k e to - a c id ,  an  a c i d  o f  com po s i t io n  C3H3O4 which was i d e n t i f i e d  
as o r t h o - p h t h a l i c  a c i d .  Without o t h e r  e v id en ce ,  Deussen 
suggested  t h e  f o l lo w in g  two formulae f o r  ced ren e :
CH,
CH I CH S c H i
11 I 1CH,- C | ' V h 
CH
V.
. C H -
CH CH 1  
CH N h  N j M . C H ,
II I I
C H ,  —  C  I ^  / C H ,
S x  CH CH,
V I  .
Formula V must be d i s r e g a r d e d  as  i t  cannot  be s p l i t  up 
i n t o  t h r e e  i s o p r e n e  m u c le i ,  VI s a t i s f i e s  t h i s  c o n d i t i o n ,  but 
cannot  be p roduced  from t h e  fa rn e se n e  s k e l e t o n .
Cedrene  c ann o t  be h y d ra te d  by any o f  th e  u su a l  methods, 
and Deussen has  shown t h a t  i t  i s  u n a f f e c t e d  by h e a t in g  w i th  
7<$ s u l p h u r i c  a c i d .  In  t h e  p r e s e n t  work some a t t e m p t s  were 
made t o  o b t a i n  h ydroxy l  compounds by o x i d a t i o n  o f  cedrene
w i th  m erc u r ic  a c e t a t e .
The a c t i o n  o f  m ercu r ic  a c e t a t e  i n  aqueous s o l u t i o n  as 
a m i ld  o x i d i s i n g  agent  has  long  been known. B a lb iano  and 
P a o l i n i /
(24;
P a o l i n i  found t h a t  u n s a t u r a t e d  compounds w i th  t h e  double 
bond i n  t h e  t e r m i n a l  p o s i t i o n  y i e l d e d  o rg an o -m ercu r ic  
d e r i v a t i v e s  when t r e a t e d  w i t h  m ercu r ic  a c e t a t e ,  w hi le  t h e  
c o r r e s p o n d in g  i so m e r i c  compounds w i t h  t h e  double  bond in  
t h e  p e n u l t i m a t e  p o s i t i o n  underwent o x i d a t i o n  t o  g l y c o l s .
T h is  c a n  be i l l u s t r a t e d  by c o n s i d e r a t i o n  o f  t h e  b e h a v io u r  of  
s a f r o l  and i s o —s a f r o l .
T rue  a c e t o x y - m e r c u r i - d e r i v a t i v e s  o f  t h e  ty.pe shown 
a re  g e n e r a l l y  e a s i l y  s o l u b l e  i n  a l c o h o l  and o t h e r  o rgan ic  
s o l v e n t s ,  and th o u g h  th e y  may n o t  be c r y s t a l l i n e ,  c r y s t a l -  
l i s a b l e  d e r i v a t i v e s  c a n  be o b t a i n e d  by repL ac ing  the  a ce to x y -  
g roup  by h a lo g e n ,  t h i s  s u b s t i t u t i o n  t a k i n g  p la c e  smoothly 
i n  a l c o h o l i c  s o l u t i o n  on t h e  a d d i t i o n  o f  a l k a l i  h a l i d e s .
T h i s  p r i n c i p l e  was a p p l i e d  by B a lb iano  t o  members of  
t h e  t e r p e n e  s e r i e s ,  w i t h  a view t o  e s t a b l i s h i n g  t h e  p o s i t i o n s  
o f  double  bonds.  In  most c a s e s  o x i d a t i o n  p r o d u c t s  were 
o b t a i n e d .
Deussen has  i n v e s t i g a t e d  t h e  a c t i o n  o f  aqueous 
m erc u r ic  a c e t a t e  on t h e  s e s q u i t e r p e n e  c a r y o p h y l l e n e ,  and 
was a b le  t o  p re p a re  a mercury d e r i v a t i v e .  T h i s  appeared  
t o  be an a c e to x y - m e r c u r i - h y d r o x y l  compound o f  t h e  fo rm ula  
Ci5H24.(OH)HgoO.CO.CH3 a l t h o u g h  i t  was n o t  i s o l a t e d  owing 
t o  i t s  gummy n a t u r e .  The f a c t ,  however, t h a t  t h e  ace toxy  
group  c o u ld  be r e a d i l y  r e p la c e d  by h a logen  t o  g ive  c r y s t a l l i n e  
compounds o f  t h e  t y p e  ( ^ ^ ( O H j H g . C l  would a p pea r  t o  j u s t i f y  
t h e  formula  f o r  t h e  pr imary  p r o d u c t .
I n  t h e  p r e s e n t  r e s e a r c h  t h e r e f o r e  t h e  a c t i o n  o f  m ercu r ic  
a c e t a t e /
tso-safrolS A F R o L
OH H<jOCCC.U3
( 25)
a c e t a t e  on c ed re n e  was i n v e s t i g a t e d  in  t h e  hope t h a t  
hydroxy o r  oxy-compounds would he o b t a in e d  w i th o u t  t h e  
p o s s i b i l i t y  o f  r e a r ran g e m en ts  i n  t h e  m o le cu le .
I t  was found t h a t  cedrene  r e a c t e d  s lowly a t  t h e  o r d in a r y  
t e m p e r a t u r e  w i t h  m ercu r ic  a c e t a t e  i n  aqueous s o l u t i o n ,  
m ercurous  a c e t a t e  be in g  p r e c i p i t a t e d .  A f t e r  t h e  r e a c t i o n  
had p ro ce ed e d  f o r  4-6 weeks, t h e  aqueous s o l u t i o n  c o n ta in e d  
a s o l i d  amorphous organo-mercury  p r o d u c t .  I t  appeared  
p ro b ab le  t h a t  b o th  o x i d a t i o n  and m e r c u r a t io n  had ta k e n  
p la c e ,  s i n c e  t h e  p r e c i p i t a t i o n  o f  inercurous a c e t a t e  
i n d i c a t e d  o x i d a t i o n .
T h i s  mercury compound was s o lu b l e  t o  a very  s l i g h t  
e x te n t  i n  a l c o h o l  and was i n s o l u b l e  i n  most o t h e r  o rg an ic  
s o l v e n t s  w i t h  t h e  e x c e p t i o n  o f  c h lo ro fo rm  and g l a c i a l  
a c e t i c  a c i d .  I t  was not  o b ta in ed  in  c r y s t a l l i n e  form, but 
p u r i f i c a t i o n  was p o s s i b l e  by p r e c i p i t a t i o n  from i t s  
s o l u t i o n  i n  c h lo ro fo rm  by t h e  a d d i t i o n  o f  e t h e r .
I n v e s t i g a t i o n  hav ing  i n d i c a t e d  t h e  p resen c e  o f  t h e  
ace toxy  g ro u p in g ,  v a r i o u s  a t t e m p t s  were made to  r e p l a c e  
t h i s  by h a lo g e n ,  but  t h e s e  met w i th  no su c c e s s .  A d d i t io n  
o f  an a l k a l i  h a l i d e  t o  a s o l u t i o n  o f  t h e  compound in  
a l c o h o l  c o n t a i n i n g  a  l i t t l e  a c e t i c  a c id  only r e p r e c i p i t a t e d  
t h e  o r i g i n a l  compound.
I t  appea red  a t  t h i s  s t a g e ,  t h e r e f o r e ,  t h a t  t h i s  com­
pound was not  a  t r u e  a ce to xy -m ercu ry  d e r i v a t i v e  o f  c ed rene ,  
b u t  was p o s s i b l y  a  m erc u ra ted  o x i d a t i o n  producto  Attempts 
t o  e l u c i d a t e  i t s  s t r u c t u r e  by t h e  removal o f  mercury w i th  
hydrogen  su lph ide^ . ,  c a u s t i o  a l k a l i ,  a c i d s  or  h a lo g en s ,  were 
u n s u c c e s s f u l ,  s i n c e  t h e  p r o d u c t s  were in  most c a s e s  r e s in o u s ,  
t h o u g h  o c c a s i o n a l l y  t r a c e s  of  ced rene  were found.
When p u r i f i e d  by r e p e a t e d  r e p r e c i p i t a t i o n ,  t h e  mercury- 
compound m e l ted  a t  193-19 5° (decomp.) .  In  a t t e m p t in g  t o  
p u r i f y  i t  by s u b l im a t io n  under  a h ig h  vacuum i t  was found
t h a t /
t h a t  i t  r em a ined  s o l i d  t o  much h i g h e r  t e m p e r a t u r e s .  At 
250° i t  showed no s i g n s  o f  m e l t in g .  Ho. s u b l i m a t io n  
to o k  p l a c e ,  but  some decom posi t ion  was e v i d e n t ,  mercury 
be ing  p rod uced ,  and on opening  t h e  t u b e ,  t h e  c h a r a c t e r i s t i c  
smell  o f  c ed re n e  was p e r c e p t i b l e .
A n a l y s i s ,  i n  which ca rb o n ,  hydrogen and mercury were 
e s t im a t e d  i n d i c a t e d  2 1 6 ^ 2 7 ^ 2 0 6  a s  t h e  most p ro b a b le  fo rm ula  
fo r  t h i s  compound.
T h i s  c u r i o u s  r e s u l t  s u g g e s t s  t h a t  t h e  compound i s  a 
mixture o f  two o r  more d e r i v a t i v e s  which might have been 
se p a ra ted  i f  c r y s t a l l i s a t i o n  had been p o s s i b l e .
T rea tm en t  o f  c ed re n e  w i th  m ercu r ic  a c e t a t e  in  o t h e r  
s o l v e n t s  such a s  m ethy l  a l c o h o l  and c h lo ro fo rm ,  y i e l d e d  
mainly u n a t t a c k e d  hy droca rbon  t o g e t h e r  w i th  sm al l  amounts 
o f  t h e  same organo-m eroury  compound.
I n  i n v e s t i g a t i n g  t h e  o x i d a t i o n  o f  p in e n e w i th  m ercu r ic
( 26)
a c e t a t e ,  Henderson and Agnew found i t  p o s s i b l e  t o  o b t a i n  
the  same o x i d a t i o n  p ro d u o t s  by t h e  a c t i o n  o f  m ercur ic  oxide 
in  g i a c i a l  a c e t i c  a c i d .  T h i s  method was now a p p l i e d  t o  
c ed ren e  and was. s u c c e s s f u l  in  t h a t  a  m e rc u ry - f r e e  o x i d a t i o n  
p ro d u c t  was o b t a i n e d  a l t h o u g h  t h e r e  was much r e s i n i f i c a t i o n  
d u r in g  t h e  o x i d a t i o n .
The p ro d u c t  o b t a i n e d  was f r a c t i o n a t e d  i n t o  two p o r t i o n s ,  
t h e  f i r s t  c o n s i s t i n g  l a r g e l y  o f  u n a t t a c k e d  cedrene  while  
t h e  second  appea red  t o  be a  hydroxy compound.
T h i s  a l c o h o l  which b o i l e d  a t  140- 150/10  m.m. appeared  
on a n a l y s i s  t o  have t h e  form ula  but  a  t r i c y c l i c
a l c o h o l  o f  t h i s  fo rm u la  would be u n s a t u r a t e d ,  w h i le  t h i s  
p ro d u c t  was s a t u r a t e d  to w a rd s  bromine in  ch lo ro fo rm .
I d e n t i c a l  r e s u l t s  were o b ta in e d  by Henderson and 
Sword i n  u n p u b l i s h e d  work on t h e  o x i d a t i o n  o f  c ed ren e  w i th  
hydrogen p e r o x i d e .
S e m m l i r ^
( 27)
Semmler i s o l a t e d  from c e d a r  wood o i l  a  s a t u r a t e d ,  
t e r t i a r y  a l c o h o l ,  p s e u d o - c e d r o l ,  hav ing  t h e  c o m p o s i t io n
had t h e  c o n s t a n t s :  d .9964;  r ^ l . 5 1 3 1 .  These p h y s i c a l
p r o p e r t i e s  a r e  n o t  f a r  removed from t h o s e  o f  t h e  p ro d u c t  
o f  t h e  o x i d a t i o n  w i t h  m erc u r ic  oxide  which had d .9872; 
n  1 . 5 0 7 1 . so t h a t  p o s s ib l y  t h i s  a l c o h o l  i s  i d e n t i c a l  
w i t h  t h e  n a t u r a l l y - o c c u r r i n g  p s e u d o - c e d r o l ,  a l th o u g h  t h e  
absence  o f  s o l i d  d e r i v a t i v e s  o f  e i t h e r  a lc o h o l  enhances  
t h e  d i f f i c u l t y  o f  p ro v in g  t h e i r  i d e n t i t y .
While  t h e  work d e s c r i b e d  in  t h i s  pap e r  was i n  p r o g r e s s ,
Ruzicka  and Van Melsen  have made a comprehensive st.udy o f  
t h e  o x i d a t i o n  p r o d u c t s  o f  c e d r e n e .  The most i n t e r e s t i n g  
p a r t  o f  t h e i r  work d e a l s  w i t h  t h e  o x i d a t i o n  o f  t h e  ke tone  
ced ro n e ,  from which were o b t a i n e d  n o r - c e d r e n e  k e to  a c id
According  t o  Ruz icka  t h e  p r o d u c t io n  o f  t h e s e  compounds 
e x c lu d e s  b o t h  Deussen*s and Semmlerr s  form ulae  and he 
s u g g e s t s  t h e  f o l lo w in g  a l t e r n a t i v e s :
c 15h 26° T h i s  a l c o h o l  gave no s o l i d  d e r i v a t i v e s ,  and
(28)
C1Ah220:S 811,1 nor- ce(irene d i c a r b o n ic  a c i d  G13H20O4
II
■V5Z .
Since  Ruzicka i s  o f  t h e  o p in io n  t h a t  t h e  c a rb o n y l  
feroup i n  ced rone  i s  d e r i v e d  from t h e  -CH2 a d ja c e n t  t o  
t h e  -CHS g roup ,  we might i l l u s t r a t e  t h e  o x i d a t i o n s  t h u s :
*  CHl-  
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I f  now we examine t h e  s t r u c t u r e  o f  cedrone  as  d e r iv e d
from D e u ssen ’s fo rm ula  f o r  c e d r e n e ,  i t  i s  obv ious  t h a t  t h e
p r o d u c t io n  o f  o x i d a t i o n  p r o d u c t s  S±/\3 -2 2 ° 3  G13H20°4 i s
i m p o s s i b l e .
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Semmler’s  fo rm ula ,  we c o n s i d e r ,  a l lo w s  f o r  t h e  p ro d u c t ­
io n  o f  n o r - c e d r e n e  d i c a r b o n i c  a c i d  but  n o t  f o r  the
i n t e r m e d i a t e  k e to  a c i d  6*14.^22^3*
c f ' l  ' ' c / ' W S-C H3 C*f\  ^■CtT'C° ' . - c-«!
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The fo rm ulae  g iv e n  by Deussen and Semmler a r e  n o t
i n a d m i s s i b l e  i f  t h e  p r o d u c t io n  o f  t h e  b e t t e r  known o x i d a t i o n
p r o d u c t s ,  c e d re n e  k e to  a c i d  and ced rene  d ic a r b o n ic  a c id  only
a r e  c o n s i d e r e d .
D i s c u s s in g /
D i s c u s s i n g  t h e i r  sugges ted  formulae Ruzicka  and Van 
Melsen s a y , "The group  C6H10 o r  C7HX2 o f  t h e s e  formulae 
must c o n t a i n  t h e  t h i r d  r i n g  o f  c ed ren e ,  and fo l lo w in g  t h e  
g e n e ra l  r e g u l a r i t y  o f  t e r p e n e  and s e s q u i t e r p e n e  s t r u c t u r e s ,  
t h i s  g roup  must c o n t a i n  an i s o - p r o p y l  group or  two m ethyl  g roups  
in  t h e  r i n g ,  and i f  we make t h e  ve ry  probab le  assum pt ion  
t h a t  t h e  second r i n g  i n  cedrene  i s  a  six-membered r i n g ,  th e  
only p o s s i b i l i t y  f o r  t h e  t h i r d  r i n g  i s  t h a t  i t  shou ld  be 
t h r e e  o r  fou r -m em b ered ."
C o n s i d e r a t i o n  shows t h a t  Ruzieka's  e x p e r im en ta l  ev idence  
would be s a t i s f i e d  by a  fo rm ula  such  as  IX i n  which t h e  
methyl g ro u p  ( i n  fo rm ula  VII)  common t o  bo th  r i n g s  i s  
rep la ce d  by an i s o - p r o p y l  group.
cw _ _  CM /  - ch3 
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I t  has  a l r e a d y  been shown t h a t  t h e  c y c l i s a t i o n  of  
f a r n e s e n e  l e a d s  t o  only t h r e e  p o s s i b l e  carbon  s k e l e to n s  
( p . 6 ) .
B.A.
Row/
Row, i n  R u z ic k a Ts formulae  f o r  c ed rene  (VII  and V I I I )  
t h e  p o s i t i o n  o f  t h e  m ethyl  group  in  t h e  r i g h t - h a n d  r i n g  has 
been d e f i n i t e l y  e s t a b l i s h e d ,  so t h a t  s k e l e t o n  B c ann o t  ap p ly ,  
and s i n c e  t h i s  i s  t h e  only one h av ing  a  methyl  group  common 
t o  b o t h  r i n g s  we c o n s i d e r  t h a t  fo rm u la  VII  must t h e r e f o r e  be 
r e j e c t e d .
Formula  V I I I  may c o r r e s p o n d  t o  t h e  c a rb o n  s k e l e t o n  A, 
and a s  t h i s  would have a tendency  t o  y i e l d  c ad a le n e  on 
d e h y d ro g e n a t io n ,  i t  may be r e j e c t e d  i n  f av o u r  o f  a s t r u c t u r e  
such as  IX which  i s  d e r iv e d  from c arbon  s k e l e t o n  C.
The i s o - p r o p y l  group  i s  a lmost  c e r t a i n l y  c o n ta in e d  in  
a t h i r d  r i n g  which a c c o rd in g  t o  Ruzicka  must be t h r e e  or  
four-membered,  but  t h e r e  i s  no e x p e r im e n ta l  ev idenoe  on 
which t o  base  s p e c u l a t i o n  as  t o  i t s  p o s i t i o n .
(b) Exper i m e n t a l .
The o ed re n e  used  was s u p p l i e d  by t h e  B r i t i s h  Drug 
Houses L t d . ;  i t  was e n t i r e l y  f r e e  from c o l o u r  and had t h e  
f o l l o w in g  p h y s i c a l  c o n s t a n t s :  B . P . 127- l ? 8/ l l  m.m. d . 9378 , 
n^ I .5 0 5 2  whence R L = 6 4 .5 2 .
Trea tm en t  o f  ^ed re n e  w i t h  Mercu r ic  A c e t a t e .
P r e l i m i n a r y  e x p e r im e n t s  were performed t o  a s c e r t a i n  
t h e  most s u i t a b l e  p r o p o r t i o n s  o f  c ed ren e  and m ercu r ic  a c e t a t e .  
These showed t h a t  i t  was c o n v e n ie n t  t o  use two m o le cu le s  o f  
m erc u r ic  a c e t a t e  f o r  each  m olecu le  o f  c ed rene .
M ercu r ic  a c e t a t e  (86 g . )  was d i s s o l v e d  i n  400 cc w a te r  
a t  room t e m p e r a t u r e  and ced rene  (28 g . )  added. The m ix tu re  
was a l low ed  t o  s tand  w i t h  o c c a s i o n a l  sh ak ing .  A f t e r  24 
hours  t h e  p r e c i p i t a t i o n  o f  mercurous a c e t a t e  began,  and 
proceeded s lo w ly .  The r e a c t i o n  was a l low ed  t o  p roceed  f o r  
5-6 weeks. I t  i s  no tew orthy  t h a t  t h e r e  was no i n d i c a t i o n  
o f  t h e  m ercurous  a c e t a t e  b e in g  f u r t h e r  reduced as  even  a f t e r  
s t a n d in g  f o r  12 weeks, t h e r e  was no ev id en ce  o f  s e p a r a t i o n  
o f  m e t a l l i c  m ercury .  The c e d re n e ,  a f t e r  4 weeks had a l l  
p a s se d  i n t o  s o l u t i o n ,  t h e  c l e a r  l i q u i d  from which th e  
m ercurous  a c e t a t e  s e t t l e d  b e in g  brownish  ye l low .  The l i q u i d  
was f i l t e r e d  from m ercurous  a c e t a t e  and t h e n  e x t r a c t e d  
r e p e a t e d l y  w i t h  c h lo ro fo rm .  As t h i s  aqueous l i q u o r  c o n ta in s  
a c e t i c  a c i d ,  owing t o  t h e  r e d u c t i o n  o f  t h e  m ercu r ic  a c e t a t e ,  
i t  was i n  one e x p er im en t  n e u t r a l i s e d  w i th  sodium c a rb o n a te  
b e fo r e  e x t r a c t i o n ,  but  t h i s  made no a p p r e c i a b l e  d i f f e r e n c e  
i n  t h e  y i e l d  o f  organo-m ercury  p r o d u c t s  and had t h e  d isa d ­
v an tag e  o f  making f i l t r a t i o n  much more d i f f i c u l t  owing t o  
t h e  p r e c i p i t a t i o n  o f  m ercu r ic  o x id e .  The c h lo ro fo rm  
e x t r a c t  was d r i e d  over  anhydrous sodium s u l p h a te  and 
e v a p o r a t e d  t o  sm a l l  b u l k .  A f t e r  c o o l i n g ,  anhydrous e t h e r  
was added and t h e  p ro d u c t  was p r e c i p i t a t e d  a s  a f i n e  ye l low 
powder. I t  was a l low ed  t o  s e t t l e ,  f i l t e r e d  o f f ,  and d r i e d  
on/
on p o ro u s  p o t .  Removal o f  t h e  whole o f  t h e  c h lo ro fo rm  
gave t h e  compound i n  t h e  form o f  a brown o i l  which s e t  on 
c o o l i n g  t o  a  h a rd  r e s i n .
The c ru d e  mercury  compound was s o l u b l e  t o  a very  
s l i g h t  e x t e n t  in  a l c o h o l ,  e a s i l y  s o l u b l e  in  c h lo ro fo rm  and 
i n  g l a c i a l  a c e t i c  a c i d ,  and i n s o l u b l e  i n  t h e  u s u a l  o t h e r  
o rg an ic  s o l v e n t s  and i n  w a te r .  A l l  a t t e m p t s  t o  o b t a i n  
i t  i n  a c r y s t a l l i n e  s t a t e  met w i th  no s u c c e s s ,  hence 
p r e c i p i t a t i o n  was r e s o r t e d  t o  as  a means of  p u r i f i c a t i o n .
The c ru d e  p r o d u c t  was d i s s o l v e d  i n  c h lo ro fo rm  and r e p r e c i p i ­
t a t e d  by anhydrous  e t h e r .  A f t e r  s e v e r a l  a p p l i c a t i o n s  o f  
t h i s  t r e a t m e n t  i t  was o b ta in e d  a s  a  p a le  ye l low  powder 
m e l t in g  a t  193-195°  (decomp.) .
Under a  p r e s s u r e  o f  1 -2  m.m. t h e  mercury compound could  
be h e a ted  t o  about  280° w i th o u t  m e l t i n g ,  though  s l i g h t  
da rken ing  o c c u r r e d  i n  t h e  r e g i o n  o f  240°» Some decom posi t ion
to o k  p l a c e ,  a s  bead s  o f  m e t a l l i c  mercury were observed  and 
t h e  c h a r a c t e r i s t i c  sm e l l  o f  o e d re n e  was n o t io e d  on opening 
th e  t u b e .
S l i g h t  d e co m po s i t io n  to o k  p l a c e  on b o i l i n g  w i th  w a te r ,  
t h e  g n e l l  o f  c ed rene  b e in g  once more a p p a r e n t ,  a l t h o u g h  th e  
b u lk  o f  t h e  compound was unchanged.
The s u b s ta n c e  gave t h e  c ac o d y l  t e s t ,  showing t h e  p re s e n c e  
o f  t h e  ace toxy  g roup .
On a n a l y s i s ,  t h e  fo l lo w in g  r e s u l t s  were o b t a in e d :
G = 26 . 5 ; H = 3 - 55 ; Hg = 57-5
From t h e s e  r e s u l t s  i t  a p p ea rs  t h a t  t h e  most p ro b ab le  
fo rm u la  i s  C i g l ^ H g ^  which r e q u i r e s  0 = 26 .8 ;  H = 5 • 7 8 J 
Hg = 56. 0 .
P r e p a r a t i o n  o f  M e r c u r y - f r e e  p r o d u c t s .
(1 ) Hydrogen S u lp h id e .
Cedrene and aqueous m ercu r ic  a c e t a t e  i n  t h e  same
p r o p o r t i o n s /
p r o p o r t i o n s  a s  above were a l lowed t o  r e a c t  f o r  5 weeks.
A f t e r  f i l t r a t i o n  from m ercurous  a c e t a t e ,  t h e  c l e a r  l i q u i d  
was s a t u r a t e d  w i t h  hydrogen s u lp h id e  t o  p r e c i p i t a t e  t h e  
mercury i n  s o l u t i o n .  The m ercu r ic  s u lp h id e  was removed 
by f i l t r a t i o n  and t h e  f i l t r a t e  f r e e d  from hydrogen s u lp h id e  
by warming on t h e  w a t e r - b a t h  f o r  3 h o u r s .  A f t e r  c o o l i n g ,  
i t  was e x t r a c t e d  w i t h  e t h e r ,  t h e  p r e c i p i t a t e d  m ercu r ic  
s u l p h i d e  b e in g  a l s o  washed w i th  t h e  same s o l v e n t .  The 
e t h e r e a l  s o l u t i o n  was t h e n  d r i e d  w i t h  anhydrous  sodium 
s u l p h a t e .  On removal o f  t h e  s o l v e n t  a  y e l l o w i s h  r e s i d u e  
s m e l l i n g  s t r o n g l y  o f  a c e t i c  a c i d  was o b ta in e d .  T h is  
p r o d u c t  was t h e r e f o r e  t r e a t e d  w i t h  sodium c a r b o n a t e  and 
e x t r a c t i o n  w i t h  e t h e r  t h e n  y i e l d e d  a  q u a n t i t y  o f  a very 
v i s c o u s  y e l lo w  o i l  which  on subsequen t  e x am ina t io n  was found 
t o  c o n t a i n  m ercury .  I t  was t h e n  d i s s o l v e d  i n  a c e t i c  a c id  
( c o n t a i n i n g  some w a te r )  and s u b j e c t e d  t o  t h e  a c t i o n  o f  
s u l p h u r e t t e d  hydrogen once more, but  t h e  p ro d u c t  was a 
s i m i l a r  o i l  c o n t a i n i n g  mercury .  I t  was not  f u r t h e r  examined
( 2 ) Sodium S u lp h id e .
The s o l i d  mercury p ro d u c t  (2 g . )  was d i s s o l v e d  in  a 
h o t  c o n c e n t r a t e d  aqueous s o l u t i o n  o f  sodium s u l p h i d e ,  and 
t h e  s o l u t i o n  b o i l e d  under  r e f l u x  f o r  h a l f  an h o u r .  On 
c o o l i n g  e x c e s s  o f  ammonium c h l o r i d e  was added,  t h i s  cau s in g  
t h e  p r e c i p i t a t i o n  o f  t h e  mercury a s  s u l p h i d e .  A f t e r  
f i l t r a t i o n  t h e  r e s i d u e  (m ercu r ic  s u lp h id e )  was washed w i th  
e t h e r ,  and t h e  f i l t r a t e  e x t r a c t e d  w i th  t h e  same s o l v e n t .  
Removal o f  t h e  s o l v e n t ,  a f t e r  d r y in g ,  l e f t  as  p roduc t  a 
d a rk  brown v i s c o u s  o i l  which s t i l l  c o n ta in e d  mercury and 
c o u l d  n o t  be d i s t i l l e d  w i th o u t  decom posi t ion .  Even on 
s t a n d i n g  a t  t h e  o r d in a r y  t e m p e r a tu re  t h i s  o i l  g r a d u a l ly  
r e s i n i f i e d ,  w i t h  d e p o s i t i o n  o f  m e t a l l i c  mercury.
(3) H a logens .
The mercury  compound (3 g . )  was d i s s o l v e d  in  
c h lo ro fo rm  and io d in e  added i n  sm a l l  q u a n t i t i e s  u n t i l  an 
e x ce ss  was p r e s e n t  a s  shown by t h e  c o l o u r  o f  t h e  s o l u t i o n .
Some m e rc u r ic  i o d i d e  was p r e c i p i t a t e d  and t h e  s o l u t i o n  was 
h e a te d  und e r  r e f l u x  f o r  one h o u r .  A f te r  c o o l i n g ,  th e  
m erc u r ic  i o d i d e  was f i l t e r e d  o f f ,  and t h e  deep red  s o l u t i o n  
t r e a t e d  w i t h  d i l u t e  su lp h u ro u s  a c i d  t o  remove t h e  excess  
i o d in e .  I t  was s u b s e q u e n t ly  washed w i th  sodium b i c a r b o n a t e  
s o l u t i o n  and w i t h  w a t e r ,  d r i e d  o v e r  anhydrous sodium su lp h a te  
and t h e  s o l v e n t  d i s t i l l e d  o f f .  A sm a l l  q u a n t i t y  o f  a  v i s c o u s  
dark o i l  c o n t a i n i n g  no mercury was o b ta in e d .  As i t  c o n ta in e d  
h a logen ,  i t  was d i s s o l v e d  i n  a lc o h o l  and t r e a t e d  w i th  e x c e s s  
sodium. When t h e  p r e c i p i t a t i o n  o f  sodium io d id e  was 
complete , an  e q u a l  volume o f  w a te r  was added, t h e  a lc o h o l  
d i s t i l l e d  o f f ,  and t h e  r e s i d u e  e x t r a c t e d  w i t h  e t h e r .  Removal 
o f  t h e  e t h e r  y i e l d e d  only a sm all  q u a n t i t y  o f  a brown r e s i n  
which was not  f u r t h e r  examined.
T rea tm en t  o f  t h e  mercury compound w i th  bromine under 
s i m i l a r  c o n d i t i o n s  y i e l d e d  a  l i k e  p r o d u c t .
A t tem pts  t o  P r e p a r e  Halogen D e r i v a t i v e s  o f  t h e  S o l i d  Mercury 
Compound.
( 25)S in c e  Deussen was a b le  t o  p re p a re  c r y s t a l l i n e  ha logen 
d e r i v a t i v e s  from t h e  pr imary  ace toxy-mereuri-compound of  
c a r y o p h y l l e n e ,  a t t e m p t s  were made t o  r e p l a c e  t h e  ace toxy 
g ro u p in g  i n  t h e  compound from c e d re n e  by ha logen .
T rea tm en t  o f  a s o l u t i o n  o f  th e  s o l i d  mercury compound 
in  a l c o h o l  ( i n  which i t  was u n f o r t u n a t e l y  only s p a r i n g ly  
s o l u b l e )  w i t h  10% aqueous p o tas s iu m  io d id e  only caused  
r e p r e c i p i t a t i o n  o f  t h e  s t a r t i n g  p r o d u c t .  Po ta ss iu m  io d id e  
i n  a l c o h o l  a l s o  produced  t h i s  r e s u l t .
I n  o r d e r  t o  i n c r e a s e  t h e  s o l u b i l i t y  o f  t h e  pr imary
m erc u ry /
S t .
mercury  compound, % o f  g l a c i a l  a c e t i c  a c id  was added t o  
t h e  a l c o h o l ,  but  a l t h o u g h  i t  was p o s s i b l e  i n  t h i s  way t o  
work w i t h  l a r g e r  q u a n t i t i e s ,  t h e  r e s u l t s  were t h e  same as  
i n  t h e  p r e v i o u s  e x p e r im e n t s .  P o ta s s iu m  bromide and 
c h l o r i d e  y i e l d e d  s i m i l a r  r e s u l t s .
O x id a t io n  o f  Cedrene w i t h  M ercu r ic  O x ide .
Gedrene (20 g . )  was d i s s o l v e d  i n  150-200 cc .  o f  g l a c i a l  
a c e t i c  a c i d  and h e a t e d  t o  60- 70° on t h e  w a t e r - b a t h .  M ercur ic  
oxide  (24 g . ) was t h e n  added in  sm a l l  q u a n t i t i e s .  A f t e r  a 
s h o r t  t im e  m e t a l l i c  raeroury began t o  be p r e c i p i t a t e d  showing 
t h a t  o x i d a t i o n  was t a k i n g  p l a c e .  When a l l  t h e  m ercu r ic  
oxide had been adde.d, t h e  s o l u t i o n  was kep t  a t  th e  above 
t e m p e r a t u r e  f o r  4 -5  h o u r s  by which t im e  most o f  t h e  mercury 
appeared  t o  be p r e c i p i t a t e d .  The amount o f  mercury 
p r e c i p i t a t e d  was a lm ost  t h e o r e t i c a l .  The mercury was 
s e p a r a t e d  by f i l t r a t i o n ,  and t h e  a c e t i c  a c id  f i l t r a t e  was 
d i l u t e d  w i t h  an e q u a l  volume o f  w a te r .  The a c e t i c  a c i d  
was t h e n  n e u t r a l i s e d  w i t h  sodium c a r b o n a te  and e x t r a c t e d  
w i th  e t h e r .  The e t h e r  s o l u t i o n  was washed w i th  w a te r  and 
d r i e d  o v e r  anhydrous  sodium s u l p h a t e .  Removal o f  th e  e t h e r  
gave a  brown m obile  o i l  w i th  t h e  odour o f  oed rene .  T h is  
o i l  was d i s t i l l e d  under  reduced  p r e s s u r e  when two main 
f r a c t i o n s  were o b ta in e d .  About one t h i r d  o f  t h e  o i l  
d i s t i l l e d  a t  125-130 /10  m.m. and c o n s i s t e d  mainly o f  unohanged 
c e d r e n e .  The second f r a c t i o n  b o i l i n g  a t  I4O-I50 /IO  m.m. 
was y e l l o w i s h  and was roughly  o f  t h e  same b u lk  a s  t h e  f i r s t .  
There  was a good d e a l  o f  r e s i n i f i c a t i o n  d u r in g  t h e  d i s t i l l a t i o n .
The c o n s t a n t s  o f  t h e s e  two f r a c t i o n s  were:
(1) B .P .  125-130 /10  m.m. d“  .9504 n *  1.5020 
.1240 g .  gave .3941 g .  GO2 and .1282 g .  H2O.
C a l c u l a t e d  f o r
c 15h 24
88.23
11 .70
Pound
H
G 86.7
1 1 .5
The c o n c l u s i o n  i s  t h a t  t h i s  f r a c t i o n  c o n s i s t e d  l a r g e l y  
o f  u n a t t a c h e d  c e d r e n e ,  c o n ta m in a te d ,  i n  a l l  p r o b a b i l i t y ,  
w i th  a  l i t t l e  o f  t h e  second  f r a c t i o n .
( 2 ) B .P .  140- 150 /10  m.m. d2“ .9872 1 .5071  Rl  ( c a l c u l a t e d
a s  C15H26O) 6 6 .9  (Ru c a l c u l a t e d  f o r  a  t y p i c a l  t r i c y c l i c  
s e s q u i t e r p e n e  a l c o h o l  6 6 .4 )
0I412 g» gave .4220 g .  CO2 and . 1352 S* H2O.
C a l c u l a t e d  f o r
G1 5H24O G15H26O Pound
G 8 1 .9  8 1 .3  8 1 .5
H 1 0 .9  11 .7  1 0 •7
The a l c o h o l  was s a t u r a t e d ,  and t h i s  a p p ea rs  t o  c u t  out 
t h e  p o s s i b i l i t y  o f  t h i s  a l c o h o l  h av ing  t h e  fo rm ula  G15H24O 
which i s  i n d i c a t e d  by t h e  com bus t ion  r e s u l t s .
The a l c o h o l  d id  n o t  y i e l d  an a c e t a t e  when h e a t e d  w i th  
a c e t i c  a n h y d r id e ,  t h e  p ro d u c t  g i v i n g  on a n a l y s i s  t h e  same 
r e s u l t s  a s  t h e  s t a r t i n g  p r o d u c t .  No s o l i d  p - n i t r o b e n z o a t e  
o r  p h e n y lu r e th a n e  was o b ta in e d  which,  as  would be ex pec ted  
from t h e  p roposed  s t r u c t u r e s  f o r  c e d r e n e ,  would i n d i c a t e  t h e
t e r t i a r y  n a t u r e  o f  t h i s  a l c o h o l .
-------------- 0 0 o -------------
I n  c o n c l u s i o n ,  I  d e s i r e  t o  o f f e r  my b e s t  t h a n k s  t o  my 
C h i e f  and S u p e r v i s o r ,  p r o f e s s o r  G.G.Henderson, P . S . S . ,  f o r  
h i s  c o n t in u e d  encouragement and a d v ic e  d u r in g  t h e  p r o g r e s s  o f  
t h i s  work.
My th a n k s  a re  a l s o  due t o  th e  Department  o f  S c i e n t i f i c  
and I n d u s t r i a l  R e se a rch  f o r  a Maintenance  Allowance,  d u r in g  
t h e  t e n u r e  o f  which t h e  e a r l i e r  p a r t  o f  t h i s  work was c a r r i e d  
o u t ,  and t o  t h e  I m p e r i a l  Chemical I n d u s t r i e s ,  L td .  f o r  a 
g r a n t  to w a rd s  t h e  c o s t  o f  m a t e r i a l s .
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